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ABSTRACT
This Thesis briefly investigates the problems of the large multi-
purpose auditorium. Some general research is incorporated. The
specific needs of Boston are used to arrive at the architectural
solution presented in accompanying drawings.
INTODUCTION
The intention of the written part of this Thesis is to provide in-
formation that could be useful to one designing a theatre. Little
of this data is original; but its being brought together here may
save some effort for the initial researcher. Although references
are made to the specific project that this Thesis has as its title,
the material contained here is hoped to be more generally informa-
tive than a mere description of the problems of this specific
project would be.
The building design in the accompanying drawings is only one of
many that might be offered to solve the problems posed here in words.
The specific character that has been given to this design considers
its site and the cultural environment of the Boston area.
A" .
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CONCERNING THEATRE FORM
Because the architectural forms of the theatre currently seem to be
influenced -- and increasingly so -- by certain historic ancestors,
notably the Italian Baroque horseshoe auditorium, the theatre designer
may profitably examine the derivation of these forms. Then the speci-
fic inspiration and evolution, and hopefully, the appropriate use of
these forms may be more clearly understood. Alternatively, the ar-
chitect may defend his rationalization on the imperious grounds of
personal predeliction.
The first theatres were -simple structures intended to place the au-
dience and the .spectacle in a specific, communicative relationship,
I belive that the fundamental intention of all theatres should be this
simple one. Since the earliest theatres were built, however, many
non-dramatic, non-theatrical. influences have determined theatre form.
Examples are the invention of perspective, Baroque politics, and the
necessities of economics. Perspective produced the axial audience-
stage relationship and the picture frame proscenium, as well as pro-
moting the large; high, fly gallery for wing and border scenery. Ba-
roque court politics -- and later the sharply stratified Victorian
society -- demanded the box-lined horseshoe-shaped auditorium, where
only a part of the show was behind the proscenium. In our own country
and century, the high, unsubsidized costs of theatrical production
have forced theatre designers to incorporate a number of seats incon-
sistent with the demands of artistic quality.
The best short essays on theatrical form and intention that I have
encountered are included as Appendix A. Originally, they formed
a part of the"Theatre" section in the 1937 Encyclopedia Britannica;
and they were written then by the leaders in theatrical design.
The ideas expressed in these essays tally with my own. Because of
this and because they may not be otherwise readily available, as
well as for their persuasiveness and trenchancy, it seems appropriate
to include large portions of them verbatim.
The ideas expressed in the appended articles are not currently in
vogue. They represent the cumulative progression of Nineteenth
Century romantic thought, interpreted and transformed by pioneering
design geniuses of the early Twentieth Century: Appia, Craig, Steeleffkye
Reinhardt, and the authors themselves. At the time that these pieces
were written, the revolution of "modern" architecture and industrial
design had made the dreams of these men seem to be possibilities.
But, the depression, World War II, and the deaths of these men pre-
vented the tangible expression of their ideas.
In the nearly quarter century since 1937, little seems to have been
contributed to the art of building theatres. Perhaps we have regressed.
In any case, some theatres are being designed today which disregard the
aims that these men, had sought to achieve -- the aims that were de-
manded by the drama itself. Instead, theatres appear to be designed
as architectural. monuments, rather than as places in which drama is
not only possible but probable. Notable exceptions are the Hugh Stubbins
Loeb Drama Center; the small theatres at Mannheim and Gelsenkirchen;
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Wright ts Dallas Theatre; The Teaching Theatre at the University of Miami
by R.M. Little and M.I. Manley; and the Arena Stage Theatre in Washing-
ton, D.C., designed by Harry Weese. The worst contemporary designs are
influenced by such criteria as the number of seats that must be in-
cluded in the auditorium to make it pay; and by a finite limit set on
the distance that sightlines may take. Such criteria may disregard
the type of production to be presented, the vertical angle of the viewer
to the stage, the possibilities of perspective tricks to make the spec-
tator feel psychologically closer to the stage, etc. The designer may
be pushed by either bis or his client's preference for a particular
shape or "effect"; or by an outmoded technical system of production
and highly inhibited, not to say uninspired, scenic designers. Today's
theatre designer is not a theatre expert, he is an architect. He must
call in all sorts of consultants to tell him what to do. Yet there is
no generating force -- at least no theatrically generating goal -- to
pull the whole.design process together to produce a theatre. We do not
even seem to have the directors or the producers today who are able to
tell the architect what they would like to have, if what they would like
to have is at all different intellectually from what they have had. I
suggest that because we may be designing in a contemporary theatrical
vacunm, we may profitably remember the ideas expressed in the accompany-
ing essays.
The chief inhibitors of drama, in rooms usually designated as theatres,
seem to .me to be the proscenium picture frame which forcefully separates
the audience from the drama; poor sightline angles as well as distances;
strong architectural forms that are broken by the proscenium and the
scenery; and a manner of stagirg that tries to duplicate the real
outside world leaving nothing to -the imagination of the beholder.
I believe that a theatre should be a room, a complete room, in which
an audience watchesand can become involved in, a play. The proscenium
inevitably destroys the effect of a complete room. Any incomplete ar-
chitectural form also tends to destroy the effect of a complete room.
Two approaches to housing the drama seem possible. The first, is to
build a complete room which is architecturally tangible. Within this
room both the play and the audience are situated, with as few separa-
tions as possible between them. Little realistic scenery should be
used so that the spectator will begin to use his imagination immediately.
The room should be simple and dignified in character; a room in which
nobility, comedy, tragedy or any emotion might believably occur. The
other way of building a theatre would be to destroy the visual archi-
tecture of the space in which the drama occurs, as Werner Ruhnau has
attempted to do.One means might be to surround the audience and the actors
with a cyclorama that could assume a mood appropriate to the play, in-
stead of painting the walls black, as was done at Gelsenkirchen and at
Minster, or instead of. using glass walls as Mies and Ruhnau have sug-
gested. The ancient Greek theatres combine these approaches. The natural
scenery of the countryside provided the "comp.ete room" while oblite-
rating any extraneous architectural distractions. The stadium, itself,
was the simple, .dignified setting against which the drama occurred.
The essays .follow in Appendix A.
SIi
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PROGRAM FOR A LARGE MULTI-PURPOSE THEATRE IN BOSTON
UIfl"
II
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PROGRAM
General. This problem, as an academic thesis , will not adhere
strictly to Boston's actual needs. Presently, the city intends
to rebuild the temporary Arts Center Theatre on its existing foun-
dations as a first-rate drama theatre of 1600 to 2000 seats. They
plan to build a large opera house in addition, to house large scale
touring attractions.
Because .it is the purpose of this Thesis to develop a theatrical
building type that best combines many theatrical facilities in a
flexible way, it will be assumed that the present Arts Center Theatre
is to be built, according to the program that follows. According
to a recent Arthur D. Little report to the Boston Arts Center, such
a theatre as is proposed in the program might expect to be filled a
large proportion of the year - up to 340 days. This report is in-
cluded as Appendix W.
The program selects more generous stage manufacturing facilities
than might be required for Boston, again in the interests of devel-
oping a building type.
Functions. This proposed theatre is intended to accomodate:
1. The major touring ballet and opera companies of the United
States and Canada.
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2. Concert and theatrical touring groups of all varieties.
3. The most active local arts groups, as well as local con-
certs, theatrical productions, and lectures.
4. Various sized meetings, congresses, and convocations.
Size. Based on the functional requirements abov9, and on the fa-
cilities already existing in Boston, principally in the 1200-1600
and 7000-14,000 seat ranges, this new hall should have a maximum of
5,000-plus seats for the largest convocations and attractions. This-
basic space should be capable of division into smaller theatres of
500-800, of 2,000 and 3,000 seats, each of which shall be capable of
mounting productions either in 3/4-round or modified proscenium pre-
sentation.
Acoustics. The acoustical solution is expected tole as variable as
the various types of presentation may demand. Extensive use may be made
of electronic reinforcement amd reverberation, subject only to the ne-
cessities of lifelike sound realization.
Facilities.
A. Site. -development permitting future realization of a
"Tivoli-like" park and recreatiion area around the Arts
Center. Parking for 1000 cars.
B. Front ,of House.
1. Entrance lobby and foyer - 2 plus square feet
per seat.
B. Front of House, Cont'd.
a. Telephones
b. Toilets
c. Check Rooms
2. House Manager's Office - 600 sq. ft.
a. First Aid
b. Lost and Found
3. Usher facilities - 1000 sq. ft.
a. Lounge
b. Locker Rooms
4. Janitor facilities - 500 sq. ft-
a. Lockers
b. Storage
c. Water, vacuums, etc.
5. Box Office - 900 sq. ft.
6. Press Rooty, Library, Conference Room -
200 sq. ft.
7. Executive Offices - 1000 sq. ft.
a. General Manager
b. Treasurer
c. Press Director
d. Two Producers
8. Bar and Intermission Lounge - 2 to 3 sq. ft.
per seat
9. Restaurant - 300 people - 4500 sq. ft.
dining room and 4500 sq. ft. kitchen
10. Projection Booth
11. T.V. camera locations and control booth
12. Radio contro and announcing booth
C.. Auditbrium. - flexible, to .provide seating spaces of 2000,
3000, and 4000, and 6000 seats. If possible, ah experi-
mental theatre of 500-800 seats.
D. Stage. also flexible, to provide the possiblityfor pro-
scenium as well as non-proscenium and 3/4-round produc-
tions.
E. Back-Stage. sufficient to support a small repertory opera
company.
1. Manufacturing departments - may be utilized by
cther Boston theatres.
a. Paint shop - 6000 sq. ft.
b. Carpenter shop - 6000 sq. ft.
c. Cloth shop - 3000 sq. ft.
d. Property shop - 1000 sq. ft.
e. Metal shop - 1000 sq. ft.
f. Plastics shop - 1000 sq. ft.
g. Tailor shop - 2000 sq. ft.
h. Wig shop - 500 sq. ft.
i. Photographer - 500 sq. ft.
j. Print shop - 500 sq. ft.
k. Montage Room - stage size
1. Locker Rooms (2) - 1000, feet sq., each
2. Stage Departments - must be located immediately
adjacent to the stage.
a. Electrical - 6000 sq. ft.
b. Hardware - 500 sq. ft.
c. Cloth - 1000 sq. ft.
3. Storage.
a. Set piece storage - 15 productions at 500 sq.
ft. each, 30 ft. height
q b. Properties - 3000 sq. ft., 9 ft. high
c. Costumes - 6000 sq. ft., 7 ft. high
4. Mechanical Equipment spaces.
a. Heating and ventiating equipment
b. Electrical transformer and dimming equipment.
5. Music facilities.
a. Sound booth at rear of auditorium
b. Orchestra pit - 90 musicians at 12-15 sq. ft. each
c. Lodr room - 1000 sq. ft.
d. Tuning and instrument room - 1000 sq. ft.
6. Rehearsal Rooms.
a. Larrge orchestra - 3000 sq. ft.
b. Ballet - stage area and shape
c. Chorus - stage area and shape
d. Small rooms (15) 150 sq. ft. each
7. Offices - 120 sq. ft. each
a. Stage manager
b. .Chief engineer
c. -Chief carpenter
d. Chief electrician
e. Chief painter
. Ballet master
g. Chorus master
h. Chief conductor
i. Assistant producers and directors. (7)
8. Lounges.
a. Canteen - 1500 sq. ft.
Kitchen - 750 sq. ft.
b. Green room - 1500 sq. ft.
c. Artist's Lounge - 750 sq. ft.
.9. Dressing Rooms.
a. 12 Soloists (6M,6F) - 120 sq. ft. ea.
b. 2 Chorus - 1000 sq. ft. each
c. Supers (2) - 500 sq. ft. each
d. 2 Ballet - 250 and 750 sq. ft.
e. 12 for 4 persons - 120 sq. ft. each
f. 3 conductors - 120 sq. ft..each
75 Das Festspiclhaus in Bayreuth. Aus Richard Wagners Bcricht Uber die Grundsteinlegung.
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PROBLEMS AND ASPECTS OF FLEXIBILITY IN TIEATRES - TE LIMITS OF
FLEXIBILITY-ACOUSTICALLY ANID GEOMvET1RICALLY
The flexible theatre is one in which various audience capacities can
* be accommodated. For each of these various audience sizes several
possibilities of stage production form should be available to the
producer. Theatrical form ought not to prohibit flexibility of
,audience capacity - except within limits which will be discussed.
By theatre, I.refer to the usual spoken species of drama, with pos-
sible attendant recorded or "live" incidental music; to musical drama-
tic shows from light comedy to grand opera; to lectures; to motion
pictures; and to concerts of music, whether solo, chamber or symphonic.
By theatre, I do not refer to .prize fights, horse shows,bicycle races,
circuses, ice shows or the sort of traveling attraction normally booked
into Madison Square Garden.
At least two basic architectural approaches to the problem of the
flexible theatre are possible. 'The first, and most usual, is to provide
a basic space large enough for the largest contemplated audience size,
in whatever shape that number of people best can be seated, for the par-
ticular type of production that would be likely to attract them to the
theatre. This basic space then can be cut-down or subdivided to reduce
its capacity and aparent size. No provision is made to utilize the left
- over space when" the auditorium is operating at a'reduced size.
I .
One of the first United States theatres to emplpy this philosophy
was Adler and Sullivan's Chicago Auditorium of 1887-89. In this
theatre, the top two balconies can be excluded from the main space
by hinged panels that swing down from the ceiling and from the soffit
of the top balcony.
More recently, in the Malm# Stadtheater of 1941-44, a "curtain" of
wooden slats can be drawn through tracks in the auditorium ceiling
to create various auditoriums that will seat 453, 497 or 1157 spec-
tators -- all within the basic large auditorium. When both the main
floor arid the balcony are used, 1595 people can be accotamodated. At
Malm the shape of the stage can be changed from the, normal proscenium
of variable widths, into a deep forestage or apron that extends in a
semicircular fashion into the main audience floor. No matter what the
audience size or what stage shape is used at Malmo, however, the viewers
always maintain the same. axial relationship to the stage. The new
Portland, Oregon Colosseum by Skidmore, Owings, and Merrill also ex-
hibits the design philosophy of subdividing one main space; but in it,
variously oriented proscenium theatres are possible.
In both of these examples, the preriise for flexibility is that portions
of the permanent seating sections shall go unused when the auditorium
is arranged to contain less than its maximum audience. This approach
has the'acoustical advantage that parts of the auditorium need not sound
isolated from each other, because they never will be used simultaneously.
Thus the mechanical aspects of flexible partitioning can be greatly sim-
plified, and. can be much lighter in weight than if sound isolation
were required. (Incidentally, it should be. noted that in spite of
- statethents to the contrary, the Maln theatre DOES work well from the
viewpoint of its flexibility. According to statements by its resident
director .of last summer (1960) its size is changed weekly with little
trouble, and in a very short time'. I personally witnessed the change
from the theatre's smallest to its largest size. The whole shift took
less than an hour and required only three men. All mechanisms were
manual.)
Another primary architectural approach to the flexible theatre is- to
provide, again, the basic space large enough to accommodate the largest
anticipated audience in whatever shape that particular number of people
-best can be seated, etc., as in the previous scheme. Again, the space is
subdivided as varying seating capacities and stage forms may be required.
The difference is that the subdivisions are-so designed - by their o-
rientation, shape, and mobility - that they, themselves, may be used
simultaneously as separate theatres. Here the concept of flexibility is
that of a large auditorium that can be transformed into several smaller
auditoriums.-- capable of simultaneous use.
While this second basic approach may be stated simply and in general
terms, its solutions: acoustical, theatrical, and architectural, become
highly complex. In any proper solution to the acoustical problems of
a multi-purpose space, some compromises are enforced from the start,
just-as certain sightline and technical compromises will be necessitated.
There, then ARE limits to flexibility; and good solutions to the problem
posed by flexibility can come only from recognition of these limits.
The first goals of the multi-use-flexible-form-theatre scheme should
be to define the limits of intended flexibility, to set the basic
approach to the problem (i.e. to subdivide one space, or to inter-
relate various spaces capable of simultaneous or of common use), and
to designate the primary function of the main space - and thus the
criteria by which the space will be designed and by which, hopefully,
it will be judged.
The Limits of Flexibility
The basic theatre forms in current use are' the arena, the three-
quarter round(or thrust-forestage or extended apron), and the pro-
scenium hall. For drama, the audience size should be smallest for
the arena form, and may be larger when the viewing angle of the audience
area around the playing area is decreased, This does not mean that
a proscenium theatre necessarily can handle a larger audience more
adequately than can the three-quarter round shape. To the contrary,
I believe that the latter form can best accomodate very large audiences
because it includes the largest audience angle while retaining a focal
axis -- and it thus allows th4 largest number of spectators to be near
the stage. At its deepest, however, the three-quarter round form may
require speech amplification, especially where background noise levels
are high. These criteria are evolved primarily from sightline considera-
tions, but also from acoustical requirements; and they assume that the
most intimate relationship between spectator and spectacle is desired.
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Some experience has shown that for a flexible theatre design the prime
problem is the creation of a good proscenium hall. The most obvious
solution to the problem is to provide a form that surrounds the acting
area, one. section of which is used as the proscenium theatre. However,:
.,in this country, more people usually want to see the proscenium pro-
ductions -- opera and ballet -- than want to view productions in the
other theatrical shapes. Thus, it is the flexible proscenium theatre
that must be provided, rather than the flexible arena theatre.
The flexible arena theatre would provide a somewhat simplified acous-
tical problem in that the acting area is more-or-less stationary, the
audience shape being the flexible factor. The geometry of the flexible
proscenium theatre on the other hand shouts to us that the show must
move in relation to the audience, as the form of the show is changed.
If approximately the same sized audience is to witness variously pre-
sented spectacles within a given floor area, then for proscenium
productions where the audience angle is narrow (14 degrees to either
side of the proscenium opening, according to George Izenour) the playing
area will have to be displaced to one end of the theatre space, allowing
the longest possible audience area. When the three- quarter round and
area forms are utilized, the playing area will move progressively to-
ward the center of the theatre space.
Variations are possible, howeve'r. For example, a second theatre might
be placed adjacent to the proscenium theatre.. With moveable walls and
the provision for, variously orienting certain seating sections, these
two theatres could be used separatelyand simultaneously as two pro-
scenium halls; together, they could form an apron, three-quarter
round, or arena theatre of vastly increased size.
The limits of flexibility should be imposed according to the needs
of the building program. A clear statement must be made of how many
theatres are needed, and of what shaoes and of what sizes. From
this definition of functional requirements might evolve logically
any combination of simultaneously used parts - up to six (limited by
the central stage area) -- or a single subdivided auditorium such as
Malm.-
Do acoustics play no part in setting the limits of the flexible theatre?
No, except for the general observation that when electrically unamplified
sound is desired, the depth of the seating area should vary inversely as
to the angle by which the audience meets the playing area.
I am convinced that if maximum flexibility in both size and shape is
required, with the hope of maximum simultaneous use of the subdivisions,
the basic subdivisions must:
1. Have portable sound isolating walls between them.
2. Have their seating areas rotateable so that their
focal axes may be variously oriented.
3. Have distinct visual persong.lities.
4.- Have suitable acoustic characteristics whether isolated
or coupled.
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Acoustical Problems of Flexibility
Shall we favor music or speech? Movies and recorded effects can be
made to take care of themselvos, with a suitably designed and located
electric amplification and reproducing system. Thus, we must decide
whether music or speech shall find a naturally perfect home in the
basic theatre spaces. Why make a choice?' Because for any particular
activity certain acoustical standards prevail for optimal hearing;
and these' standards vary for various activities: specifically music
and speech.
What ever we are hearing, we will hear it well if:
1. It is sufficiently loud; i.e. if its energy level is
enough higher than surrounding background energy levels
to permit the ear to distinguish it separately, distinctly,
and wholly.
2. It is sufficiently clear; i.e. if the sound is adequately
dispersed through the space without detrimental echoes,
flutter, intensity variations, etc.
3. It is acted upon by the space which contains it to assure
appropriate reverberation characteristics.
The optimum reverberation times for music and for speech may vary by
as much as a full second. Further, we generally appreciate speech.
most if its sound comes to us from a single, visible source. Music has
its greatest success when the richness of its hall reverberations surround
us with sound -- even though a single visual direction may occupy
our attention.
Again, two courses for design present themselves. We could choose
a compromise reverberation time that would be perfect for neither
music nor for speech, but that would be acceptable for either. The
position of reflecting surfaces similarly might be compromised. Or,
the hall could be designed as perfectly -as possible either for music
or for speech. Then it could be adjusted for the other use by me-
chanical and electrical means. The higher reverberation time will be
for music, of course; the lower, for speech. If music predominates
inthe design, the highest desirable reverberation time might be de-
signed into the hall. Then, when speech sound is to be heard properly
the reverberation time can be mechanically lowered by decreasing the
volume of the space, or by increasing the absorbtive surface area.
Alternatively, the speech sound could be electronically amplified
and directed in such a way that the full reverberation time of the
room is unexcited. If speech is to predominate, a reverse solution
is possible. The PROPER solution will depend upon a careful analysis
of each auditorium requirement, its appropriate size, shape and cor-
relation with such locally variable factors as maintenance, staff,
and construction costs, etc.
Usually the auditorium must be used at some time for simultaneous.
speech and musical activity, as for an operetta or opera. If we are to
use every means presently available to achieve a good acoustical en-
vironment, a compromise in physical reverberation time and reflecting-
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panel hardly can achieve the best results. The reverberation time of
the hall should be designed to suit music. Thus, even though the
volume may demand electrical amplification of speech sounds, the se-
lective, directional "squirting" or speech sound by loudspeakers into
an audience enveloped by an acoustical environment appropriate for
music would seem to provide the near-perfect solution to the dual
requirements of speech and music (the "tyrany of the microphone"
quite aside.)
As often has been pointed out, the acoustical design of an auditorium
.never must set the architectural concept. Yet, an auditorium is pro-
perly named: it is a room for listening -- especially when sightlines
become attenuated as they do in the large proscenium theatre. Para-
doxically, the more the architectural solution heads toward other than
naturally suitable acoustical shapes, the mre visually apparent the
acoustical corrective measures are likely to be. For example, Boston's
Symphony Hall might be contrasted with M.I.T.'s Kresge-Auditorium.
Both auditoriums were "acoustically designed." Yet Symphony Hall, by
virtue of its simple rectangular shape, by its propitious proportions,
by its diffuse wall and ceiling surfaces, by its orchestra location,
and by its shallow balcony overhangs, is a superb place acoustically
for symphony concerts, though its design appears acoustically artless.
Kresge, conversely, by using a domical ceiling surface has forced, the
use of "clouds" to keep reflected sound "away" from the curvature above.
While handsome, and in many ways dramatically effective, the Kresge.
solution looks "ganz akustische".
For the design of the multi-shape-size-use-theatre some recommenda-
tions can be made:
1. Clarify the program, setting forth the number of desirable
subdivisions, the degree of hoped-for simultaneous use of
adjacent spaces, the forms of theatrical production that
are to be realized, and the antLcipated audience sizes.
2. Decide what acoustical and theatrical criteria -shall be
favored, and what means shall be used. to produce geometric.
flexibility, compatible with 'the various performance re-
quirements.,
3. Use shapes that are naturally advantageous acoustically,
and that will not need "correction."
4. In so far as possible, plan buffer zones between adjacent
simultaneously-used stage and auditorium areas.
5. Because the playing zone must shift in relation to the au-
dience --and vice versa -- plan the ceiling reflectors
for variability in position and angles. The auditorium
ceiling might be a shallow continuation of the stage loft
facilities.
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6. The volume of- the auditoria need not be limited by
acoustical considerations, if electronics will be
trusted to help the sound quality, and if economics
necessitate such large halls. Whether a sound is
amplified by mechanical or by electrical means, the re-
sult can be the same (when the electrical means are
properly handled and designed and installed): the
sound may be heard. And well heard. Sound that is
amplified is not necessarily "dead sound" or "canned
sound." Nor is it consequently a more inaccurate
reporter of the prime activity of the hall more than
unamplified sound would be.
The preceding discussion has been non-technical and generalized;
and it was derived from an architectural and theatrical viewpoint.
Obviously, various good solutions are possible. (Tneoretically.)
After considering the dramatic, formal, and acoustical realities,
the architect should take a strong direction, keeping in mind at
each step precisely what he is attempting. One direction could be
the workshop solution: the theatre is seen as a space in which the
reflectors, visual divisions, etc., can be arranged and rearranged
almost at will. An almost opposite effect might be had if the ele-
ments are handled architecturally as definite, but variously related,
parts. Onenmust face .the realization that in a project such as this,
the most difficult - and never solved - probles are not the acoustical
requirements, or indeed any specific ategory of requirements.
The Flexible Theatre
The possibility of building a flexible theatre
has intrigued theatre designers for centuries.
Although the earliest flexible designs did not
change the form of the theatre, they did breax
it up into parts. The well known Lheatre project
by Joseph Furttenbach, of 1655 does this, for
example, as does a very recent design for the
Dusseldorf Competition.
0
31.
Bild 98. Theaterprojekt far eine farstliche Hofhaltutg von Joseph Furttenbach 1655
- Grundrif -
IProject for a flexible theatre, submitted by
U. Hausmann for the Dusseldorf Competition.
From ARCHITECKTUR WETTBEWERBE # 29, July, 1960.
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One of the most usual ways of making a theatre
flexible in form is to divide off sectors of
it when they are not needed. One of the first
theatres in the United States to include this
system was the Adler and Sullivan AUDITORIUM
in Chicago. In the section that follows, from
Carl W. Condit's "American Building Art, The
Nineteenth Century", note the sections of the
ceiling that fold down to close off the top
balcony; and the moveable section that folds down
from the soffit of the top balcony to close off
the balcony just beneath it.
35.
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The famous Total Theater project by Walter Gropius.
From "Walter Gropius" by Siegfried Geidion
THE MODERN THEATER
"In my 'total theater', which was originally planned for Erwin Piscator, I have tried to create
an instrument so flexible that a director can employ any one of the three stage-forms
by means of simple, ingenious mechanisms: deep stage, proscenium stage or circular arena."
"Convegno di Lettere", October 1934, in Reale Accademia d'Italia, Rome, page 159.
144. THE "TOTAL THEATER"-
in deep-stage position.
Section through auditorium.
145. THE "TOTAL THEATER"
in deep-stage position. Plan.
156
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THE MODERN THEATER
146. THE "TOTAL THEATER"
with stage in front of proscenium.
combined with deep stage.
147. THE "TOTAL THEATER"
with arena stage.
"A complete transformation of the building occurs by turning the stage-platform and part of
the orchestra through 1800. Then the former proscenium stage becomes a central arena,
entirely surrounded by rows of spectators! This can even be done during the play."
" This attack on the spectator, moving him during the play and unexpectedly shifting the stage
area, alters the existing scale of values, presenting to the spectator a new consciousness of
space and making him participate in the action." "Convegno di Lettere", October 1934, in
Reale Accademia d'Italia, Rome, page 160.
157
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Another round flexible theatre, this time, one
that actually was built. It is by Robert M. Little and
Marion I. Manley for the University of Miami. The
illustrations are from Roberto Aloi's "Architetture
per lo Spettacolo."
Pianta / plan / Grundriss
1 ufflcio I bureau / office / Baro - 2 vestibolo / vestibule / lobby / Vestibal - 3 biglietteria / guichets des billets / boxofce I Kasse -
4 portiere / portier / janitor / Portier - 5-6 W.C. - 7 platea / parterre / ring / Parterre - 8 scena circolare / scine ronde / ring stage /
Rundbahne - 9 scena girevole / scine tournante / revolving stage / Drehbalhne - 10 loggia I galerie [ loggia / Loge - i1 passeg-
giata / promenoir / promenade / Wandeihalle - 12 laboratorio / atelier / worksho? / Werkstatt - 13 elettricisti i electriciens /
electricians / Raum fur Elektriker - 14-15 deposito / dip6t / storage / Depot - 16 sartoria / couturiers / sewing shop / Schneiderei
- 17 ufflcio / bureau / office / Buro - 18 camerini attori / loges d'artistes / dressing-rooms / Kiinstlergarderoben - 1g equipaggia-
mento / equipement / equipment / Requisitenraum - 20 sala per gli artisti / foyer des artistes / green room / Kunstlerzimmer -
21 fossa dell'orchestra / fosse d'orchestre / orchestra pit / Orchestergrube.
Scheni di disposizione della sala / les diffdrentes dispositions de la salle / stage and seating arrangemients / Verwandlungsm6glichkeiten der Buhne und
des Zuschauerraumes.
(da sinistra a destra / de gauche d droite / left to right / von links nach rechts): arena / amphithdatre / arena / Amphitheater - proscenio / avant-scine I fore-stage / Vor-
derbahne - a ferro di cavallo / fer 4 cheval I horseshoe / in Hufeisenform - scena elisabettiana / scine Elisabithaine / Elizabethan stage / Elisabethische Buhne - commedia
musicale / comidie musicale / musical comedy / musikalische Komodie.
62
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A third round, flexible theatre design is
by Andre Perrottet and Erwin Stoecklin for
a new Stadttheater in Krefeld, Germany. It
was not built. The drawings are from the
April, 1951 BUHNENTECHNISCHE RUNDSCHAU.
S iRnG0U Mhl
-S.
ZUSCUAU PAUS
- I
£6UUnEMAUS Stadttheater Krefeld:
Stellung ffr Theaterauff0hrungen
Stadttheater Krefeld.
Stellung als Festsaal
~=---- 
-
BTR
Das festliche Theater: RingbiIhne etwa 140 m Aus- Das Arena-Theater: Arenabiihne auf horizontaler Dreh-
dehnung (mittlerer Umfang). Zentrale Bestuhlung auf scheibe im Zentrum. Peripherie-Bestuhlung (ganze
der Drehscheibe. Platzzahl: 1200 Buhnenring inkl. suBerer Rand der Drehsdieibe).
Platzzahl: 2300-2900
Das Theater ffr GroBveranstaltungen: a) Gudtkasten-
biIhne mit etwa 70 m Ausdehnung; b) Guckkasten-
buhne mit Seitenschiebebuhnen, etwa 30 m Biihnen-
offnung. Zentrale Bestuhlung auf der Drehscheibe und
teilweise Estradenbestuhlung auf Ringbuhne (Sektor
Ober dem Foyer). Platzzahl: 2000
Das Theater fur Kammerspiele: Buhnen auf Ober-
bautem Ordiester inkl. vier Sitzreihen. Dekorationen
auf Wagen verschiebbar. Zentrale Bestuhlung. Platz-
zahl: 700-900
Der KongreBsaal oder das Konzerthaus: Freie Zentral-
und Peripherie - Theaterbestuhlung. Platzzahl: 3400
Der Ausstellungssaal: Ringbihne frei, keine Bestuhlung,
' Drehsdieibe horizontal
1951 9
Perhaps the best known contemporary flexible theatre
in Europe is the Kleines Haus at the Mannheim
National Theater. It is by Gerhard Weber.
The illustrations are from Roberto Aloi's
"Archtetture per lo Spettacolo."
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Schemi di disposizione del teatro / les diffdrentes dispositions du thdatre / stage and seating arrangements I Dispostionsschema
i - palcoscenico con fossa d'orchestra, 6o6 posti I scine avec fosse d'orchestre, 6o6 places / stage with orchestra pit, 6o6 seats / Schauspielbahne mit Orchester,
6W6 Platze - 2 palcoscenico con avanscena allargata, 6o6 posti / scene avec avant-schne agrandie, 6o6 places I stage with extended forestage, 6o6 seats I-
Schauspielbahne mit erweiterter Vorbahne, 6o6 Platze - 3 palcoscenico montante dalla platea (Shakespeare), 6o6 posti / schne montante du parterre (Shakes-
peare), 6o6 places I ascending stage from pit area (Shakespeare), 6o6 seats / SchauspielbAhne ansteigend aus dem Parkett (Shakespeare) 6o6 'Platze - 4 sala
per conferenze e concerti, 775 --87 I posti I salle de confirences et concerts, 775 871 places I lecture and concert hall, 775 +871 seats / Vortragsraum und
Konzertsaal, 775 +871 Platze - 5 teatro a scena centrale, 68o posti ai due lati I thidtre d scne centrale, 68o places aux deux cotls I central staged theatre,
68o seats on either side / Arenabahne, zweiseitig, 68o Platze - 6 teatro a scena centrale, 674 posti / thedtre d scine. centrale, 674 places I central staged thea-
tre, 674 seats I Arenabahne, allseitig 674 Platze.
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Sven Markelius; Model of Stockholm City Theatre
f rom "Aus der Welt der Oper"
AUDITORIUM GEOMETRY
Auditorium geometry depends upon the three-dimensional
shaping of the auditorium enclosure, upon the
arrangement for seating the audience within that
enclosure, and upon the finite dimensions involved.
What normally are called sightlines may refer
to the vertical angle between the stage and the
viewer, or to the horizontal angle, or to the distance
between the stage and the spectator, or to the degree
to which the viewer's scope of sight is unobstructed.
Good sightline design must consider all four
references. Additionally, optimal sightlines must
be adjusted to the psychological proportions of
the space. For example, to specify that a seat may bear
some certain geometric relationship to the stage is
insufficient. In one situation, the specification
may prove to be reliable; while in another, because
of a sharply sloping ceiling and floor, the same
geometric relationship to the stage will prove to
be unsatisfactory. In this second case, although the
spectator can see the stage well enough, he will be
seeing it through a slanting slot.
In general, the geometric configuration of an audit-
orium must be adjusted to the form of the
production. Obviously, if the "show" is to be seen
4a.
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NOTES ON THE TECHNICALITIES OF THEATRE DESIGN
In the following rudimentary and brief discussion,
I shall deal only with selected problems of theatre
designing. I do this because I lack qualification
to explain such major design problems as structure
and mechanical equipment in detail. Some topics,
such as acoustics, are omitted here because they
are a part of the student's general knowledge --
at least in so far as I could discuss them here.
Thus, the reader should understand that this survey
of some technical problems is in no way meant to be
exhaustive.
The subjects to which I shall devote a passing nod
are: auditorium geometry; the forestage -
orchestra pit area; certain mechanical facilities;
basic scenery shifting.systems; organization for
the production facilities; and circulation patterns.
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through a picture-frame proscenium arch, any
part, of the audience must not be seated very far to
either side of that arch, if they are to see the
whole.stage. False stage perspective also is a factor
for limiting the width of the audience seating area
for proscenium production, because as one goes
farther off the perspective axis, the stage picture
will appear increasingly distorted. As the show
moves toward the audience, however, the audience
width can increase. In the three-quarter theatre,
there is no proscenium to block one's scope of vision,
and thus the audience nearly can surround the stage.
In effect, the stage is thrust into the seating
area. The full arena stage makes the proscenium -
or any sight-blocking obstruction - impossible. We
ought to note that as the audience begins to wrap
around the playing area, the effect of visual
obstacles is different for different parts of the
audience. Thus, if essential action - as opposed to
painted scenic vi.stas - is to be communicated to
the audience, an entirely changed mode of production
must be substituted for that used behind a proscenium
arch. The latter essentially is two-dimensional
because an audience's depth perception will be
severly limited by its fixed axial relationship to
the stage and the consequent impossibility of
comparing stage action with any depth-measuring
scale. Although the wrap-around audience demands
simplicity of production to keep visual obstacles at
a minimum, it also makes shifting what scenery there
is more difficult.
HORIZONTAL SIGHTLINES
THIS figure indicates
that for a given pro-
scenium width and stage
depth, the possible
audience width is
severely limited.
George Izenour of Yale
tells me that the audience
must not be seated
more than 14-degrees
beyond the proscenium
arch. Of course, this
angular limit often is
exceeded; but the
audience will not see the
whole stage, and will
not willingly sit
beyond the 14 degree
line.
50.
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VERTICAL SIGHTLINES
One must decide at the
start just how well
the audience is to see.
The higher the hall, ie.
the greater the number of tiers,
the poorer will the vertical
viewing angle become as one
goes to the top. The angle from
the stage to the spectator
should not exceed 30 degrees.
In practice, this often means that
the orchestra floor is given
an insufficient slope so that the gallery
will not be excessively high.
Platee versetzt auf Luke
Aughahe Im Sitzen 1,23 m
Be U Rvnkt Bohn*Fig. a.
Platte versetzt auf Luke
Augh5he Im Sitzen 1.23 m
Fig.- b.
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To calculate a proper floor slope:
Referring to the two small figures on the
previous page,
1. Make a point at the curtain line "A"
2. Determine the first row floor height
(not more than 3'-6" below stage height)
3. Determine Hi , the first row spectator's eye
height at 3'-8" above the floor.
4. If seating is staggered, use Fig.a; if not,
skip back one row instead of two, using Fig.b.
Draw a vertical, V. The top of the first row
head will be Hl plus h, or 3'-8" plus 5". Thus,
connect R at 4'-3" above the first row floor,
and point A with a line extended to intersect V.
This will be the eye height for unobstructed
second( or third,in case of staggered seating)
row vision, and its floor level will be 3'-8"
below it. Continue this procedue to find the
entire floor slope. Alpha never should exceed 30
degrees, even at the topmost side balcony.
By this method, the floor slope will be a parabolic
curve. In practice, it is best to approximate this
curve with straight line segments for safety. Where
the slope is so steep that steps become necessary,
the slope must be uniform, so that there always will
be the same number of the same height risers between
rows.-
51.
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It may be of interest to note the comparative
maximum vertical sightline angles of some new
and antique European theatres. In the table
to the upper left of the diagrams, maximum sightline
distances are listed in meters. (From Theatergebaude II,
by H.' Gaussman, Berlin, 1954. Unless otherwise noted,
all diagrams are from this source.)
Maximal* Stzplatzentfernung und Sichtwinkel vweschiedener Theater
Dresden: Grobes Haus 27 m
Karl-Marx-Stadt:
Opernhaus 28 ft
Weimar: Nationaltheater. 32 m
Holl: Londestheoter 29 ft
Dessau : Landestheater 32 m
Magdeburg: Stoditheater 21 ft
33-,
Bild 28. Vertikale Sichitwinkel in Theatern der Deutschen Demokratischen Republik
58 5. RANG PROSCCNIUM NOFOPCR DRESDCN
50' 4.RANG HorZuCTuA-CATCR
4 3. RAN I WICN
316 qOFGURG:T4CATCR WiCN
26' WOA>OR DRE6DEN
22' ASPCNDOS , ORANGC
/5' MkGALOPOLIS
... -
Much is heard these days about the maximum distance
that can separate a playgoer from the stage. Usually,
a -finite number is mentioned, such as 60' or 65, or
67'. Most would agree that the farther one gets from
the actor, the less detail one can comprehend. The
actor ofter adjusts for this, however, by exaggerating
his words or facial expressions. To set any definite
limit on the-distance of the last row from the
stage seems much less sensible to me than to limit
the vertical sightline angle to 30degrees - beyond
which only the top of the actor's head can be seen.
The top of one's head tends to be somewhat inexpressive
Many factors can influence the limits beyond which the
audience should not be seated. Among them are:
1. Lighting level on the actor
2. Visual contrast between the actor and the back-
ground against which he plays
3. Complexity of the stage picture
4. Level of audible sound
5. Distractions from audience, lights, etc.
6. Seating slope and the number of -perceptible planes
between the spectator and the stage
7. Horizontal and vertical sightline angles
8. Psychological feeling of closeness; ie. did one
enter at the rear of the theatre or at its center;
does the perspective effect of the theatre'siinterior
54.
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diminish or increase the apparent distance of the
spectator from the stage; does the theatre seem to be
divided into parts, or does the proscenium separate
the audience from the actors unduly, etc.?
These factors are difficult to evaluate and particularly
difficult to predict. Yet, I feel that they are
more important than any particular distance. In the
theatre especially, nothing can be finite. All
is only what it seems to be. It seems perfectly
possible to make a theatre incorrectly so that
one feels farther away from the stage than he
"really" is. Conversely, we know that the side
columns and steep audience rake at the Festspielhaus
at Bayreuth produce the opposite effect, causing
the spectator to feel very close to the stage though
he may be 100 feet from it. Because the orchestra
pit is obscured there, it causes almost no visual
barrier. I have tried to estimate the width of the
gap between that pit and the stage. Later, when
measuring it, I found that I had thought it to
be fifteen feet less than it in fact was.
The relationship between vertical sightlines and
stage height must not be forgotten. Simply,
as the stage height decreases in relation to the level
of the first row, the orchestra floor slope must
become steeper. Conversely, the higher the stage
platform above the first row, the shallower the
floor slope may be. A low stage platform has a theatrical
advantage because the drama will be less separated
from the spectator by it than by a higher platform.
A high platform, on the other hand, is advantageous
because the whole hall can be lower. Further, the
greater the distance of the first row from the
edge of the stage, the shallower the floor slope may
be. These effects are illustrated in the figures
below.
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These cumulative effects, if not carefully handled
can make the hall excessively high, the first
row too far from the stage, or the stage, itself,
too high. These bad consequences can be attenuated
somewhat by arbitrarily flattening the floor
under the first few rows of seats, or by inserting
a wide orchestra pit between the stage platform and
the first row. This is illustrated by the comparative
diagrams below. These figures also illustrate that
compromises often are made in theatre design. The
upper curve in each diagram represents the proper
slope for unobstructed vision. The lower curve
indicates the iloor slope actually employed.
LANDESTbqEATER HALLC
- 2X7
37 7 if 15 19
SC,4AUSPIEL"-AUS DREtSDEN
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The relationship of the spectator to the stage
platform again is shown in this figure:
Distances H, and S, must be worked out psychologically
as well as for their influence on the floor slope.
In general, H, can be less as S increases.
The angle of vision of the actor may not be a
determining factor in the design of an auditorium;
but it is well to recall just how much of an
audience the actor is able to see at one time.
Diagrams showing the actor's angle of vision
are included on the next page.
A B
Bild 14. Die aus optischen und akustischen Grilnden maxi-
mal zulussige Sitzplatzentfernung sowie der maximal
m6gliche Wlrkungswinkel des KOnstlers sind mit-
bestimmend Ir die Raumform
60.
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Within the geometric limitations just presented,
various shapes can be given to the auditorium.
Some of these shapes are illustrated in the plans
and the sections that follow. The basic planometric
shapes are: rectangular, circular or horseshoe,
fan, and various combinations. Also, there are the
vaIious assymmetrical plans. Vertically, we note that
circular sections sometimes are imposed on basically
rectangular schemes. The fan plan usually carries
with it a single steep main floor slope; and often,
a series of balconies at the rear of the auditorium.
Typically, the circular or horseshoe form will
contain tiers of boxes or balconies that encrust
its walls and end at the proscenium. The rectangular
plan occasionally receives its vertical treatment
in any of the described ways.
Basic auditorium plan sha"es for the proscenium
theatre, within :iven sightline limitations .
I
Next page:
Top: Variant on the rectangular
plan.
Left: Circle
Right: Fan plan and intersecting
circle.
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IBild 23, Vorentwurf fir den Wiederaufbau der Volksbuhne Berlin
(Arch. Prof. Henselmann 1950)
Eine enge Verbindung von Zuschauerraum und Bhne ist angestrebt
Bild 24. Wieder-
aufbau des Opein-
hauses Hannover
(Arch. Kallmorgen)
a
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Bild 25. Entwurf fir ein Theater in Minsk (Arch. M. G.
Barchin) Theater ir Massenbesuch. Bihnen6ffnung fiber
30 m breit. Die menschliche Stimme kann den Raum ohne
elektroakustische Verstirkung nicht mehr fillen
64.
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Multiple-rectangle
plan.
Bild 222. Theaer-Typenprojekt far 1000 Zusd~auer
Ard~sekt: A. W. Wlasow
- Grundri 
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Bild 223
Theater-Typenprojekt
1000 ZusdWaer
Ardrntekt: A. W. Wkawsow-
Rectangular plan.
balconies in the section on the
f ollowing page; as well as the
elaborate stage elevators and
cyclorama.
J ri
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Bild 216
Das Scbauspielbaus
in Dresden 1913
Arditekten:
Lossow und Kbne .
Grundri$ 
-
60.
I
Note the rear
67.
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Bild 217. Das Schauspielhaus in Dresden 1913 - Arcbitekten: Lossow und Khibne - Ldngsschnitt
,-.,--, --
Bild 218. Das Sdauspielbaus in Dresden 1913 - Arbitekten: Lossow und Kaihne - Hauptansidbt
in
lBild 94. 1)as Stadubeatcr in Utm 1641
Architckt: Joseph Furttenbach
68.
69.
A Bauhaus rectangular
plan by Walter Gropius.
Rectangles have been
consistently applied
even to the interior
decorating scheme.
Next page.
THE MODERN THEATER I
138. CITY THEATER, JENA, 1923: Entrance.
a 01
a a 0 o 3
-' No
19 . ' * ':
- -139. Plan.
140. Interior view.
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Combination circular and
rectangular plans. Next
page.
Circular balcony plan superimposed over a basically
rectangular main floor.
Bild 177. Das Stadabeater Katowice 1906
Arditekt: Carl Moritz
- - Parkeugrundrip 
-
Bild 178. Stadubeater Katowice 1906
Archiekt: Carl Moritz.
Grusdri$ des 2. Ranges -
71.
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rr
Bild 294a Bild 294 b
Bild 294, a und b) Tbeaterprojekte der Staatlichen Akademie fur Architekten der UdSSR
a) Grundrifl fur 800 Zuschauer - Arcbitekt G. A. Sacharow
b) Grundrifl far 800 Zuscbauer - Arcbitekt G. A. Sacharow
Die allgemeine internationale Weiterentwidlung des Theatergebaudes
S40 s to 50B
Bild 300. Theaterprojekt fur Komsomolska 1939
Architektcn: B. D. Landa und W. A. Minjajew
- Grundrifl -
74.
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Fan plans included in
rectangles, and modified
by them (top).
72 Der Entwurf zu einem monumentalen Festspieltheater in Munchen, den Gottfried Semper 1862 im Auftrag
K6nig Ludwigs II. nach den Ideen Richard Wagners gleichzeitig mit einem Projekt fUr ein provisorisches
Festtheater im Kristallpalast ausarbeitete, ohne daB einer der P1sne zur Ausfi hrung kam.
- -2
ii~
73, 74 GrundriB des Festspielhauses in Bayreuth, das von Architekt 0. Bruckwald nach Wagners Angaben
in AnIchnung an Gottfried Sempers Munchener EntwUrfe ausgefiihrt und 1883 eingeweiht wurde.
76.
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Combination Fan-Rectangular plan with single,
seating slope. Project for Essen Competition,
by Gerhard Weber.
July, 1960.
From ARCHITEKTUR WETTBEWERBE #29,
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Logeplan 1:2500 / Site plan 1: 2500
EG 1:1000 / Ground floor 1.1000
Langsschnitt 1:1000 / Longitudinal section 1:1000
Foyergescho8 1:1000 / Foyer floor 1: 1000
RiihnAnnrhnft 1 -10O / Stnnta fInnr 1 -10I0
steep
1959,
6
Ir
Assymetrical Plans.
Project for the Dusseldorf
Schauspielhaus competition by
Rudolf Schwartz, 1959. From
ARCHITEKTUR WETTBEWERBE #29, June, 1960.
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1 Modellaufnahme von Nordwesten / Model view from north-west
2 Schnitt AA 1:500 / Section AA 1:500
3 Garagengescho3 1:500 / Garage floor 1: 500
4 Eingangsgescho (Garderoben) 1:500 /
Entrance floor (check-rooms) 1: 500
5 Bohnengeschof3 1:500 / Stage floor 1:500
6/7 Modelle des Soales / Models of hall
8 1. Rang 1:500 / Dress circle 1:500
9 Modell der Rdnge / Model of circles
10 3. Rang 1:500 / 3rd circle 1:500
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Kaskade aufgestaut dahin. Auf ihm soll eine festliche
Menge auf und nieder, hin und zurock wogen. Neben dem
Strom bilden sich in glasernen Tirmen stille Buchten.
Der Raum der Halle reicht bis zu dem aufgetreppten Dach.
In offenen Schalen schrauben sich breite Treppen auf und
von ihnen schwingen sich frei durch den Raum zarte Stege
hinOber zu den Galerien, die den R6ngen vorgehangt
sind. Jedem Rang ist eine Hochebene zugeteilt, die quer
durch die Halle hindurchreicht. Wer sich nicht, in den fro-
hen Strom mischen will, kann da verweilen und auf ihn
herabsehen. Er sieht hinunter auf die vielen Stege, Ebenen
und auf den Boden der Halle und sieht sie alle mit Bildern
'GOD folfhau ~omoN
0
II _____________________
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Winning Project for the
new Essen Opera House
by Alvar Aalto. From
ARCHITEKTUR WETTBEWERBE.
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4 EG 1-: 500 /Ground floor 1:500
1 Eingong / Entrance; 2 von den Gorogen / from garages; 3 Kassen /
Ticket windows; 4 Gorderoben / Check-rooms; 5 Restaurant / Restau-
rant; 4 KOche / Kitchen; 7 Orchestergroben / Orchesiro pit; 8 Seiten-
b0hnen / Side stages; 9 Probeb~hne / Rehearsal stage; 10 Haupt-
b~hne / Main stage; 11 Logerroum -Utility-room; 12 Warenlift /
Freight elevator; 13 Hinterbuhne / Rear stage; 14 Logerroum / Utility-
room; 15 Freilichttheater / Open-air stage
S Ldngsschnitt AA 1: 500 / Longitudinal section AA 1: 500
.6 1. OG 1:500 / Ist floor 1:500
Seite 78 / Page 78-
7 ROckwand des Scales / Back wall of auditorium
8 2. OG 1:500 / 2nd floor 1:500
9 Modellaufnahme von SOdosten / Model view from south-east
5
A
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1 Modellaufnahme von Westen / Model view from west
2 Unterirdische Verkehrswege 1:2500 / Underground traffic routes 1:2500
3 Lageplan 1: 2500 / Site plan 1:2500
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THE FORESTAGE - ORCHESTRA PIT AREA
This is one of the most difficult parts of
the theatre to design because of its importance,
its complexity, and its need for flexibility
with all of the demands of contemporary
presentation.
Considering the pit area first, the sections on the
next page show some of the possibilities. Obviously,
the first prime requisite for flexibility here is
a seiies of elevators for the floor of the
orchestra pit.
From the top of the page down, the sections
illustrate:
1.Orchestra Concert
2. Chamber Concert or Thrust Stage Drama
3. Drama
4. Congresses
5. Lectures
6. Intimate Opera
7. Grand Opera
1 Orehostorh*Aloft
2 Kafmmerkonxert or~
Schou spiel11ahIne (*on~e)
3 SchauspleIbahno
(gostaffekl)
4 Kongrob-Soal
5 Vortrags-SaaI
6 Klein* Opornbohno
7 Grolier Opernorch~sterraum
8Q.
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Careful study of the plans and sections on the
following page of the Augsburg Stadtheater
forestage area, taken from BUNENTECHNISCHE
RUNDSCHAU, January, 1957,will indicate some
of the complexity of the area in a well
planned scheme. In this theatre the fly loft
extends over the pit.( The first theatre to
do this was the Schauspielhaus at Bochum,
whose stage arrangements are shown on
following pages. Gelsenkirchen, whose plans are
included later to illustrate remarks on production
organization, also has its loft extending over
its orchestra pit.) Such an arrangement is
valuable chiefly because major stage equipments
normally located'behind the proecenium. such as
lighting bridges, sound curtains, tormentors,
and the fire curtain, can be made to work for
the orchestra pit area. Sensibly, if the pit
is to be used for drama, it must be lit, curtained,
screened, and enclosed for safety. Placing major
elements in-such a forward location also makes the
proscenium opening more flexible in width and in
height - as well as in depth.
Stellung bei Oper - breites Portal
breites Portal
Stellung bei Schauispiel -breitcq Portal
Stellung bei Operette und Spieloper enges Portal
Stellung bei Sdauspiel oder als Ordiesterpodium - Auftritt von Zuschauerraum Stellung bei Sdiauspiel mit Auftritten aus deni Ordiesterraum
Die versdaiedenen Moglidikeiten zur Verwendung der versdiiebbaren Portalanlage im Stadttheater Auqsburq
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Forestage and Stage Elevator Arrangements at the
Schauspielhaus, Bochum, Germany.
The many possibilies for arranging these elevators
show the usefulness of such elevators for providing
basic theatrical and musical forms. Such elevators,
especially if they are hydraulic, are very expensive,
however.- In such an elaborate installation as this
one they would consitiute the most expensive single
item of stage equipment. This design for Bochum was
so costly that only the pit elevators actually were
installed. The plans that follow were taken from
a booklet, "Schauspielhaus Bochum, 1953."
For grand opera, below, the stage elevators can be
in various positions depending upon the demands
of the particular operatic situation. The pit
elevators are lowered, at various levels to
accommodate a large orchestra. That part of the
loft over the pit is screened off.
L
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For operetta, below, the arrangement is much as for
grand opera. The orchestra pit has been made smaller,
however, and a narrow part of the forestage
surrounds it, passing between the orchestra and the
audience. Here, again, the stage elevators can
be at a single level or they can be arranged
to suit particular circumstances.
M m 01
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For drama with a small orchestra, the tiny
first forestage elevator can be lowered to
accommodate a few musicians. If desired,
additional players can be placed just under
the first few rows of audience seating. As
shown below, the loft is screened off, though
this would not always be so.
When the entire stage is to be used for pure
spoken drama, the pit elevators are raised to
fprm a low forestage that connects the action
intimately with the seating area. The stage elevators
then can be arranged as desired. An upward
sloped arrangement is illustrated below. Note
that the loft above the forestage area now
is cleared for action and use with the drama
taking place on the forestage.
I I '
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Another possible arrangement for drama is the
one shown below. Most of the action would take place
on the forward part of the forestage, while the
sloping rear portion could be useful for mass
entrances and exits. Stairs are placed at the
sides of the forestage to provide entrances
down to the lower pit area. Here the loft is
nominally closed off.
~~Nr -
Another alternate drama stage can be created
by arranging the whole- series of elevators
in a series of rising steps from the
pit to the rear of the stage. Entrances can
be effected easily from the pit.
96.
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One interesting variation is to raise up the
whole pit, intact, to stage level. Now, the
elevator that normally overhangs the rear of
the pit forms a cantelevered platform over
a part of the stage, making "double-decker"
scenery possible without special construction.
Ir
Below, we note that the pit elevators can be used
to support a revolving stage in various positions.
The plan on the right, below shows the arrangement
when the audience seating area is to be extended,
or when the stage is to be used partially at
auditorium level.
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If the auditorium is to be used for concerts, the
stage cab be set much as for pure spoken drama. If
desired, the orchestra should be placed on the
stage elevators at various heights.
3L
Vp
This drawing shovs the section of the forestage area
of an elaborate, but reasonably inflexible, opera
house, that of the East Berlin Staatsoper. Because
this theatre never is used for chamber works or
for drama, the orchestra pit is composed of a single
elevator. The pit is 7.75 meters in width - about
25 feet. Note the elaborate catwalk systems that are
necessary to allow circulation from one side of
the stage to the other, both above and below the
proscenium zone. On the
next page is a drawing WO-
showing arrangements
for the prompter's 4
box. All dimensions
are shown in meters.
. 1,05
I,
Die Orchesterversenkung in der Staatsoper Berlin 40
SOUFFLEURPAUGE
)
AGNEL-/MAR,
Bild 72. Anordnung eines Sou ileurkas tens mit Zugang vom Orchesterraum und von der Unterbihne
48
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The most recent example of the flexible forestage,
With which I am familiar - the new Carnegie Institute
of Technology drama theatre is soon to be built -
is Loeb Drama Center at Harvard. George Izenour of
Yale designed the forestage area and the mechanisms
that allow it to operate. Unfortunately, I have no
section of this theatre; but the plans that follow,
taken from Herbert Graf's " Aus Der Welt Der Oper"
do indicate some of the possibilities. Here, the
chief emphasis was on making possible varying
theatre forms: proscenium, three-quarter round,
opposed and at the upper right, indeterminate.
Few elevators are necessary for this scheme, the
main mechanisms consisting of motors that
whirl the front seating sections. In some of Mr.
Izenour's plans, the front seating sections must be
raised on pistns to clear their twin member, before
they can be turned.
The chief difficulty with this theatre is the
proportion between the permanent seating area at.
the rear of the auditorium, and the moveable part.
In any but the proscenium position, the audience
at the front of the theatre feels separated from
that at the rear. Worse, they tend to feel intimidated
by the large rear portion because the front ones are
necessarily so much smaller. Further, the front
seating sections tend to "take part" in the action
of the drama much more than do the back sections.
* ~102.
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OPEN STAGE
112-115 Loeb Drama Center der Harward University in Cambridge, Mass.: Architekt Hugh Stubbins arbeitete zusammen mit dem Buhnen-
techniker Izenour 1959 das Projekt fdr ein Mehrzwecktheater aus, das durch ungeiibtes Personal in zwolf Minuten von einem Proszcniumtheater
(links oben) in ein Theater mit offener BUhne oder ein Rundtheater verwandelt werden kann.
One oddity that I came across in the March, 1953
BUHNENTECHNISCHE RUNDSCHAU, is the sliding
forestage at La Scala in Milan. Although the orchestra
pit at La Scala is on elevators, the forestage is not.
Moreover, for Italian opera, most conductors do not
favor an overhanging orchestra pit as was included
at Bochum.. The sliding forestage neatly solves this
dilemma by providing both a means of extending the
forestage apron toward the audience, and a means
of gaining some pit overhang when Romantic operas
are presented. Even when an open pit is wished
during the musical parts of the performance, the
sliding forestage can be extended electrically
for curtain calls.
- It -7t
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CERTAIN MECHANICAL FACILITIES
While the mechanical facilities of any theatre are
extremely complex, several must receive attention
in the earliest design considerations.
Heating and ventilation equipment is especially heavy
and bulky in theatres. Cooling loads are heavy;
andr consequently, cooling towers will be unusually
large, heavy and noisy. Ductwork will be oversized
because of the heavy volume flow demand, and because
this volume flow must be accomplished at extra low
velocities to permit necessary conditions of quiet
to exist in the auditorium. Fans, compressors, and
the cooling towers all are noisy. They should be
carefully mounted to isolate them from structural
noise paths, and they should be located as far
away from the auditorium as possible. Contrary to
some published data, the air flow in an auditorium
should enter at the top of the room, and should
leave near the bottom. This route allows the air to
equalize in temperature and velocity before reaching
the spectators. Reversing the flow direction will
blow hot or cold air at the spectators' ankles, and
dust from the floor in their faces.
I
Almost every theatre requires sound amplification
of some sort, whether for movies, soundeffects, or
for weak-voiced lecturers. A large, high
quality, central loudspeaker system, properly
designed and installed, nearly always is the
most satisfactory solution. Because these
systems are large, and because their placement is
critical, thier inclusion into the design must
not be omitted until last. Below is an indication
of a typical theatre loudspeaker system. Note the
dimensions and orientations. Both are approximate
only, and must be carefully worked out for each
particular design. Loudspeakers are best put one
above the other. Highfrequency units are shown
below, at the top of the installation above the
low f requency unit.
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Adequate facilities for lighting the stage also
must be planned into the auditorium from the
start.
Overhead lights and spotlights often are located
on a 45 degree line from the bottom of the main
curtain. See the drawing below. Often, however,
more than one position in desirable for these
overhead lights. The second group should be located
on a 60 degree line from the curtain bottom. Allow
enough room for these lights. Note the space that
the operators must have to work in. The minimum
slot opening for these lights should be three feet.
Sometimes glass is used to close the light slot
to prevent noises from the catwalks entering the
auditorium. Because light spill from these overhead
lights is particularly distracting, they must be
located and oriented to minimize this situation.
Sometimes these spotlight facilities are housed at
the rear of the auditorium. Sometimes they are placed
in a chandelier, as shown in the lower illustration
on the next page. In some instances, the whole
chandelier assembly can be lowered or raised.
Occasionally, an slot is cut in the stage side of
the chandelier for the spotlight beam.
IIt
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The accompanying plan diagram indicates approximately
where lighting facilities usually are located in
a theatre. The side lights shown at both sides of
the stage and in the auditorium are very important
for dramatic effects and must not be omitted. Those
lights in the center of the diagram indicate the ceiling
lighting bridges. Of course, if the lighting men had
their way, lights would be placed all over the
auditorium. There never are enough.
RGEHNE
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BASIC SCENERY SHIFTING SYSTEMS
Of course, the most basic way to shift scenery
is to lug it by manpower. This system has the advantage
of demanding very little mechanical expenditure,
and comparatively little space. Many theatres
still use this system, among them the great opera
theatres of Covent Garden in London, the Metropolitan
in New York, and the Wagner Festspielhaus-at Bayreuth.
In these days of high union wages, this system of
transferring scenery is too costly. It also takes
too long. In Bayreuth, for example, where intermissions
- if all goes well backstage - usually last an hour,
I have watched sets being dismantled and then
rebuilt piece by piece. Elaborate sets.
In the latter days of the Renaissance, opera, the
horseshoe shaped auditorium, and wing and border
scenery all began to influence theatre building.
As long as painted, drop scenery was the only
scenery used, the high fly gallery produced by
these circumstances was sufficient to allow
rapid shifts of scenery. Very little side stage
space was required, except for actors' circulation.
All of the theatres mentioned above were built for
opera and for wing and border scenery. Early in
the Twentieth Century, however, plastic scenery
began to be in vogue. The "single set" idea
I
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became increasingly popular. The box set gained
wide use. None of these forms of scenery can
be suitably handled by the fly loft. They demand
storage space. They are heavy. They cannot be
assembled quickly by hand.
One of the first means sought to relieve this
situation in theatres that had only fly galleries
and no side or back stage space was to build elevators
into the stage floor. There long had.been traps, but
now the elevators could be used to shift - and even
help to form - scenery. This basic scheme is illustrated
in the diagram below.
A theatre such as the Theatre Pigalle in Paris
illustrates the elevator stage. While this theatre
has more elaborate equipment than the system Just
described, the basic scheme is the same.
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(--a Bild 209
Das Thiatre Pigalle in Paris
1929
A- Arditekt: Charles Sidis
- Erdgesdxopgrundrip -
lz..
113.
Gradually, this sytem was elaborated and it
reached its height at the Dresden Schauspielhaus
in 1913. The diagram below shows that the smaller
elevators have been enlarged, and in some cases
a wall or enclosure separated the last set of
elevators from the front of the front of the
stage. This system sometimes is referred to as
the "Pater Noster" system. Scenery is placed on
the forward elevators which then-are raised into
position - all scenery shifting is done in the
basement, thus requiring no side stages. Note that
the scenery is not really placed on the elevators
themselves. Rather, it goes on wagons, which in turn
are put on the elevators. Beneath the scenery which
has been placed into position at the front of the
stage is a duplicate set of wagons that roll on tracks.
The second scene is placed on these wagens, which then
are rolled to the rear of the stage, where they are
placed on the rear elevators and lifted to the
rear of the stage. The partition that separates
the rear from the front of the stage is useful
in preventing the noise of the scenery shifting
from being heard in the audience. When the first
scene is over, its scenery is lowered to the base-
ment scenery loading area where it is cleared away.
Meanwhile, the second scene has been rolled into
position at the front of the stage. As the scene
progresses, the third scene is being loaded in
the basement, and then brought into position at
the rear of the stage.
If scenes are long enough to permit preparation
of the ensuing scene's required scenery, the
actual shift can be accomplished rapidly. Of course,
the fly gallery is used in conjunction with this
and most other scenery shifting systems. The disadvantages
of this system are that the cyclorama must be gotten
out of the way at each scene shift to permit the
scenery at the bacK of the stage to be rolled to the
front. At Dresden, they got around this by putting
the cyclorama at the back of the stage. However, this
necessitated keeping the second scene in the basement
until the main curtain was closed. It is a moot
point which means is more speedy; ie. whether
it takes longer to clear the cyclorama, or to raise
the scene up from the basement.
The Dresden theatre is included againin section
on the next page. Below is a schematic diagram of
this system.
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Bild 217. Das Sdhauspielhaus in Dresden .1913 - Arditekten: Lossow und Kubne - Ldngssdinitt
An alternate to the elevator system for scenery
shifting was the revolving stage. It is
diagramed below.
The trouble with this system is that it does
requre a certain amout of side stage space if
the whole show cannot be set up in advance on the
turntable . Further, unless the diameter of the
turntable is considerable, the settings that can
be placed on it will be very small if one wishes
to have more than two . Usually., space was too
restricted to allow large enough turntables .
Except for specialized settings where the
stage can revolve in full view of the audience,
this system is little used today. Even theatres
that have auxiliary turntables, as does the
Vienna Opera, seldom use them, especially if
stage wagons or the elevators are-avai lable.
/n/.
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The Residenztheater in Munich exhibits a revolving
stage that is of adequate size, about 50 feet
in diameter. George Izenour assures me that any
diameter less than 40 feet is completely useless.
MII
u MF 6
Bild 248
-- - - - - - -Das Residenztheater Manchen
- 6 -1951
u Grundrif des Ranggesdcosses
Es bedeuten:
- 1 Probeb-bne
6 2 Wintergarten
3 Foyer
4 Salon im Vorraum
3 Wandelgange
6 Sdcauspielergarderoben
Bild 247
Das Residenztheater in Muncen
Wiederaufbau 1951
Arditekt: Karl Hodeder kl
-Grundri g des Erdgesdhosses -
deuten: 5
oalle - -4
rdgang zur Treppe des Verwaltungs- 6 -4Ues und zum Hof -2
bendkasse -
Vutibufl--*
rderobe unter der Treppe und
ebengarderoben 17
engarderoben
Cbindungstreppe zum Foyer *
9 Ran treppen
dester bzw. Vorbibne
enbahnen 12
esmagazin 9
nentreppen -
tudbtungsmeister-
atrester
uspielergarderoben und 2
Versationszimmer
The great mammoth of turntables - the largest in the
world - was installed at the Frankfurt am Main
opera house when it was rebuilt after World War II.
This monster - some call it a white elephant -
has a 120 foot diameter. Its real fault is that
it left absolutely no side stage space. As can
be seen from the plans on the next pages, this
large turntable takes up the space that normally
would, and could, have been devoted to side and
rear stages. Within this great table is a smaller
turntable as well as elevators. All scenery is
shifted from stage level or above, however.
In practice, the rear half of the large table
serves as storage space. Many complete sets
can be erected on it at once. Further, this rear
portion can be closed off from the frontby a large
metal door. Because of the high edge velocities
resulting from the great diameter of the table,
it requires several minutes to make a single
revolution. Thus, it cannot be used for large,
quick scenery changes. Its users assert that if
only they had a few more feet of side stage space,
the system as a whole would be admirable.
I13.
vA *
1 ww
- :I.Th I
~fTMLJ.T~~ 
-
luLl U.
g
* +111.11 ~
I I' ~ ~
.~:. tI~A U
GROSSES' NHJSr FRANKFURT 1.t
'WiEDCRA~rSW "OAJSPIEIJAMS
rRDOMMMOS
1. 01
:2 ~A,
6 ' BTh
119.
41152
IN pma
I F
iT
I if
Jaj
L127E
0
:.
= .4 -'
I -
-
A
I =44,
G| -SE ASRAKUT
R - .7
u s -- U
- 4.-.-.-.--*
--- -- -* -
* .. *.
- : e ..-- -- -
GROSSES HAUSFRANKFURT/M. -
_ j ..C D I C R A USOSu
3.OBERCESCHOS
- -6 .
120-.
A 
-
z
121.
Naturally, there were combinations of several
of the basic systems. The plans below show
two revolving stages, one within the other. In
addition, there is enough rear stage space for
one wagon and considerable storage.
. .U .
i. 5 0.4
Ta
Bild 295. Theater in Rostow a. Don - 1936
Akademischer Architeki W. A. Schukow und Architekt W. G. Gelbjreich
- Erdgeschoggrundrifl -
Bild 296. Theater in Rostow a. Don.- 1936
Akademiscber Architekt W. A. Schukow und Architekt W. G. Gelbfreich
- Crundrifl des Parkettgeschosses -
Another, and very popular combination, is the
revolving stage with enough side stage space for
one wagon. Thus, one very elaborate scene can be
set up in advance of the show, and only less
complicated ones will have to be handled during the
course of the play.
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Another combination possibility is the Pater Noster
and revolving stage. This form has the advantage
that the elevators can be turned at any angle to
the audience and thus they become much more useful
to the scenic designer. Also, when the second scene
is to be brought to the front of the stage via the
Pater Noster system, it can be moved there by
revolving the turntable rather than by rolling
on separate wagons.
The great disadvantage of this mechanism is its
expense. All of the elevator machinery must be
included within the base of the turntable. Thus,
thesq revolving Pater Noster scheme.s must go very
deep under the theatre. That at the Vienna
Burgtheater is 14.7 meters deep to its base track,
or about fifty feet. The depth depends, of course,
upon how high the scenery is to be. Thus, in an
operahouse that used scenery 40 feet high,' the
turntable could easily be over one hundred feet
deep. This scheme is shown in the diagram below,
and is illustrated by plans and sections of the
Burgtheater turntable on succeeding pages.
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Querseniti der, ZylinderdrehbQhne
through the Vienna Burgtheater turntable.Sections
The preceeding Vienna Burgtheater blans and sections
were taken from the December, 1955 BUHNENTECHNISCHE
RUNDSCHAU. As far as I have been able to find out,
the Burgtheater is the only one to have so complete
and elaborate an installation of the revolving
Pater Noster. It was installed there because the
old stagehouse which had been bombed during the war,
could not be enlarged. Further, the proscenium
was small enough and the demands of a repertory
drama house slight enough that it could be built
with a depth of only fifty feet.
As side and rear dimensions could be increased in
the theatres, wagons could be employed. But where
they could not be, elevator schemes became increasingly
elaborate. The Hamburg opera house has double-
decker elevators which can have one scene set up
above or below the other. (Oddly, at Hamburg, when
the theatre was bombed, the fire curtain worked in
reverse, saving the stage, while the auditorium
burned.) In Munich, at the old National Theater,
where the first two installments of Wagner's
"Ring" were premiered, there was a double-decker
revolving stage. This was destroyed in the air
attacks., however.
Wagon systems demand large subsidiary stage spaces.
Seldom are more than three wagons used. If three
are utilized, then three scenes can be set up
prior to the performance; and the stagehands will
have at least the time of two scenes to reset any
scenery.
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Basic wagon schemes, and combinations of
wagons with turntables, elevators, etc., are
shown in the diagrams below. On the following pages
illustrative plans are grouped.
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Bild 252. Das Opernbaus Hannover, Wiederaufbau 1951
Ard'itekten; Werner Kallmorgen und Klaus Hoffmann
- Parkettgrundrip -
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102 Plan far das neue GroBe Theater in Warschau (TeaCtri Wielki Opery i Baletu), 1957
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The last of the basic theatre systems for shifting
scenery is perhaps the most elaborate. Certainly, it
is the most space consuming. This is the ring
system. As far as I know, it is a completely theoretical
system, in that one has never been built. Two
variants are shown in the diagrams. The first consists
of a great moveable ring that surrounds the audience.
Various scenes can be placed on the ring, which
then revolves from scene to scene. The second,
has the ring backstage, surrounding the storage
facilities. Neither system can be.thought a space
saver.
3so.
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Although none of the existing theatres of the world
included the ring system, it still is being proposed.
The most recent proposal to be published was that
of Fritz Bornemann, the architect of the new
West Berlin opera house, for the Essen opera house,
published in ARCHITEKTUR WETTBEWERBE #29, June, 1960.
Note in the plans and sections on the following pages
that Herr Bornemann not only has a ring stage, but
he includes elevators as well.
After this, I have included a 1938 ring stage
proposal which was to have included regular
stage elevators and a cyclorama behind the ring.
There is no doubt that this system could produce startlinglly
quick scene changes.
All of these systems apply to the proscenium theatre.
As has been pointed out, in other forms of presentation,
such as the thrust stage or the arena stage, scenery
must become highly simplified. Further, it often
must be shifted before the audience 's eyes. While
a revolving stage might be employed for the three-
quarter stage, the only satisfactory way of shifting
scenery for the arena theatre is by elevators, from
underneath. There is little need for a fly loft in
the -arena theatre.
Entwurf / Project:
Dipl.-Ing. Fritz Bornemann, Architekt, Berlin-Wannsee
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1 Lageplan 1: 2500 / Site plan 1:2500
2 Eingangsseite 1 :1000 / Entrance side 1: 1000
3 BohnengeschoB 1: 1000 / Stage floor 1:1000I 1F T 4 1. OG (Foyer) 1:1000 / 1st floor (foyer) 1: 1000
5 Langsschnitt 1 :1000 / Longitudinal section 1: 1000
-- -- - -- - - 6 Eingangsgescho 1 :1000 / Entrance floor 1 1000
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Bild 326. Anregung fiir eine .Totalbihne" als Ringbuihne in Verbindung mit einer Freilichtbhne -1938
Arcitekt: Wilhelm Kdb - Lageplan fur eine mittlere Gr5pfe (2500 Sitzpldtze)
Bild 327. Anregung far eine .Totalbhne" als Ringbihne in Verbindung mit einer Freilicbtbiabne - 1938
Arditekt: Wilhelm Kdb - Zentraler Ldngssdrnitt
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ORGANIZATION FOR THE PRODUCTION FACILITIES
Most -American theatres do not have scenery production
facilities associated with them. In Europe, however,
it is the exceptional civic theatre that does not
produce its own scenery. There are opera houses, such
as the Metropolitan in New York, that will do their
own scenery making. Further, this is done in many
a high schools and colleges in this country. Thus, it
may be appropriate to say a few words about the
proper organization of these facilities.
There seems to be little to be said for locating
the scenery shops immediately next to any stage.
True, this often is done; but adequate sound
isolation between the twu spaces is almost
impossible to achieve. Sometimes, the designer hopes
to make double use of the space for scenery
construction by making it available for side
stage or wagon space when scenery is not being
built. But when, in any busy rehearsal schedule
is scenery not being built. Never, from my experience.
Aside from saving space, there seems to be no
functional reason for placing the scenery workshops
next to the stage. Scenery is built to be broken
down into small units that are easily carried. Thus,
there should be no more difficulty in carrying
newly built scenery to the stage from the shops than
there would be to carry it from a storage room.
Several theatres that I have seen have not located
theib scenic work rooms in the main theatre
building. One, at Hamburg, has its shops housed
in a former towing basin at the edge of town,
half-an-hour to forty-five minutes from the opera
house. The Hamburg storage facilites also are in the
same building as are the shops. Another German
theatre, that at Mannheim, has located its shops
just across the street from the theatre building.
There they have special trucks and a -special elevator
for the trucks to get the scenery into the house during
inclement weather. Neither of these opera organizations
has suffered any ill effects by separating their
facilities.
There do seem to be some advantages to separation.
Functional circulation always is a problem in a theatre,
especially in a repertory company that has a tight sched-
ule. Why should carpenters, painters, clothmakers,
metal smithsetc. add to the theatre confusion? Then,
there is the sound isolation problem. If the shops are
distant from the stage, there can be no problem.
Perhaps the ideal solution would be to have the shops
in the same structure or series of structures as the
main theatre, but well removed from it. Then, both
sound and confusion could be isolated, while the scenery
could still be transported indoors.
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If the shops must be adjacent to the stage, then
the examples of Gelsenkirchen and Cologne might
well be emulated. Certainly Gelsenkirchen has the
best production circulation and organization of any theatre
that I have seen. Plans and sections both for
Gelsenkirchen and for Cologne follow this discussion.
In general. the backstage organization and
circulation must depend on the stage configuration,
especially on the proscenium height; and on the
scenery shifting systems employed. Usually, all
construction shops should open into the montage room
througha direct connection. (The montage room is
a room the size of the stage acting area, with
*a ceiling height equal to or exceeding the prcscenium
height, that is used to check and assemble the
scenery sections at various points in their construction.
Generally the finished set is completely assembled
there just prior to painting and again before going
to the stage or to storage.) A direct path from the
cloth shop to the montage room is of secondary
importance. (See the program of this thesis for a
list of necessary production spaces. ) The flow
schedule of construction is from the carpenter
shop to the montage room, to the paint shop, to the
montage room, to the stage, or to storage. The cloth
shop should be adjacent to both the carpenter shop
and to the paint shop, rather than opening into
the montage area. If the workshops are on the stage
level, the montage area may be a part of the back or
the side stages. In any event, the metal and carpenter
shops shall be on the same level with each other
and with the montage room. The paint shop and the
montage room both should have connections to the
elevator or to the storage area if it is on their
level. The transportation-loading dock should be
directly related to the stage, to the montage area,
and to the storage areas if only one dock is provided.
One usual mistake that is made in planning these areas
is to provide insufficient storage space for
the wood, cloth and other raw materials that are
used in the shops. Actually, these shops form
a small factory; and they ought to be as carefully
and as efficiently desgined as a factory would be.
Other production facilities might include the
dressing rooms, rehearsal spaces, and costume
storage areas. It is imperative that the dressing
rooms be placed as close to the stage as possible
to minimize the elapsed time for an actor to reach
the stage from his dressing room. Similarly, the
rehearsal room ought to be near the dressing rooms;
although they need not necessarily or even desirably
be near the stage. Costume storage, especially
in a repertory company should be split up near
the dressing rooms, so that all the costumes to
be used during a season by a set of dressing rooms,
always will be near them. Larger, dead storage
rooms for costumes might well be used as buffer
zones between rehearsal spaces.
One problem that usually asserts itself in designing
the theatre, especially on a restricted urban site,
13$.
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is the architectural organization of the backstage
rooms. All to often they are distorted and mashed into
whatever is left over when the auditorium, stage and
fire stairs have been tended to. Too frequently,
one encounters endless, twisting corridors that
seem to lead nowhere, and are oriented toward
nothing. Under these conditions, it is nearly impossible
for one not to get lost.
Happily, both the Gelsenkirchen and Cologne plans
have alloted sufficient space for the backstage needs;
and they have simplified and oriented the circulation
paths to a considerable degree. In this, the straight
line paths of Gelsenkirchen are much more successful
than the rectangular ones of Cologne, that go all
around the stage house through many vertical storys.
I have found that any complete, regular, circulation
circuit, whether rectangular or circular, tends to
be confusing and disorienting.
The first Gelsenkirchen plan, that of the upper
level, explains that the left string of rooms
houses the dressing rooms. They are located on
that tide of the theatre because a small theatre
is joined on to the main building at the left, and
is not shown in this plan. Over the left side stage
area the rehearsal rooms are placed, with easy access
from the dressing rooms. The right hand string of
small rooms includes the administrative offices for
the theatre. The montage room is over the rear
stage, the carpenter shop in the right rear corner
of the building, and the paint shop is over the
right stage area. The next plan, at the lower balcony
and box level, continues the previous arrangements,
now indicating the connection to the little theatre.
It can be seen here that the stage proper is intended
as a three wagon system with two side stages and
a rear stage. To either side of the rear stage area
are scenery storage magazines. Between the right
magazine and the side stage is what is often called a
"drop cuty in this country. It is a vertical space
with shelves in which the rolled-up drops are stored.
It may be located at, or below, stagelevel. Below
is a section of the drop cut at the Staatsoper in East
Berlin. I I
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In the main floor level plan of Gelsenkirchen one
ought to note the arrangement of the lobby. The
main space surrounding the auditorium is designated
as a smoking room, while non-smoking rooms are at
either side. Quite the opposite of American practice.
The entrance level plan shows cloak room areas
on either side of the auditorium and stairs leading
up to the main lobby-atthe front of the theatre.
The main bank of dressing rooms is to the left, at
stage level, while more offices are at the right.
The lowest level plan seems to be unfortunately cut-up.
The main theatre entrance extends from the front
of the main theatre block; and the ticket offices
are placed there. The principal cloak room areas
are at this level as are the main rehearsal spaces.
The plans and Aection for Gelsenkirchen were taken
from ARCHITEKTUR WETTBEWERBE #25, Febrvary, 1959.
I visited the Gelsenkirchen theatre and most of the
other theatres discussed here, in the summer of 1960.
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Before passing on to the plans and sections of the
new Cologne opera house, it may be amusing to note
the plan below. While the rooms behind the stage area
cannot all be thought to be wokshops, this early
theatre does exhibit the same proportions of
form and space that both Gelsenkirchen and Cblagne
have. This plan is interesting too, in that
it is just after the famous scheme by Cochin, done
in 1762. Both schemes share the tripartite division
of the stage and are heading toward the single
proscenium arch from the usual five permanent arches
of the Roman-Palladian theatre. But more of this later.
Bild 130. Entwurf eines Theaters 1771 von Ferrarese
145.
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The sections and plans of the Cologne opera house that
follow were originally published in the BUHNENTECHNISCHE
RUNDSCHAU of July, 1957.
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CIRCULATION PATTERNS
General theatre circulation may be separated
into several categories:
1. Entrance and exit circulation; vehicles and
people.
2. Audience circulation within the theatre.
3. Actor circulation
4. Scenery and stagehand circulation.
As with the subject of mechanical facilities,
only a few general aspects of circulation can
be discussed here. Every specific solution will
vary. Philosophically, circulation can mean
several things. It can refer to the richness
of perambulation patterns, or to diagrammatic
functional routes, or to the possible paths of
mass movement, or to the usual flow of traffic.
Several of these ideas about circulation apply
to the theatre, at different times and at different
places in the building. For example, the entrance
and exit circulation pattern for the audience ought
to be as clear, direct and simple as possible.
When the audience is trying to reach its seats
before the show; or is trying to leave them
after the show or during a fire; the designer
should not attempt to add "richness" to the
path that -the audience must traverse.
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During intermissions, however, there must be
suitable space and goals provided in the theatre
design to permit and inspire the audience to
walk leisurely about.
For the audience, then, two types of circulation
ought to be provided. First, direct routes
into and from the theatre auditorium from the
outside, Second, leisurely perambulation paths
for intermissions.
The first sort of circulation, in today's design,
must not ignore the automobile. In almost any
theatre location, a large portion of the audience
will arrive from vehicles: taxis, buses, and
private cars. These private cars must be parked;
the taxis and buses must be unloaded. The
happiest solution is one that brings the parts of
the audience arriving both by vehicle and on foot
together in an outer space; and then provides a
single route for both groups to the auditorium.
One possible way to provide both sorts of circulation
for the audience is to have a very direct route
from the outside to the auditorium. Opening off
this direct route, however, will be the perambulatory
path that circles around and above it. One
famous instance of this sort of circulation is
Charles Garnier's Paris opera house. Another,
modeled closely on the Paris design, is that for
the Vienna opera house. Plan and section of the
latter follow on the next page.
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The preceeding plan was taken from the April, 1958
BUHNENTECHNISCHE8 RUNDSCHAU, while the section came
from the official Guide Book of the Vienna State
Opera.
Although this scheme is admirable in many respects,
it shares a fault common to nearly all theatre
designs: the dead-end. Nearly always, the
circulation paths on either side of the auditorium
end at the proscenium line. Sometimes this
situation is relieved, as at Paris, by placing
stairs at these dead ends to provide some vertical
continuity. This was done at the Bochum Schauspiel-
haus. The plan below was taken from the April, 1958
BUHNENTECHNISCHE RUNDSCHAU, as was the section.
Malersao
Bel. Probebyhn
Kostylmlager Chedr
FoyerGad
Schauspil dauBe Wurt
Selfenbahne 2Bouabuchnitt
Gard.
Konstier- Ord.
Schauspielhaus Bochum
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The postwar Dusseldorf opera house also used this
scheme for circulation. However, it is much more
successful than the Bochum design because the
amount of circulation space is more generous.
Compare the plans below of the prewar and the new
Dusseldorf houses. The effect of the new theatre
in these circulation spaces really is quite grand.
The plans and section that follow were published
is- the BUHNENTECHNISCHE RUNDSCHAU of June, 1956.
Opernbous Dfisseldorf, Lingsacrnitt
GrundriA des alten Stadttheaters
15%.
Grundril des neuen Houses (Parkettgeschob)
Opernhaus Dusseldorf
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The plans of the prewar Hamburg opera house
exhibit the dead end circulation scheme at
its worst. The newly rebuilt house could not
be much improved, however, because most of the
former side auditorium circulation space had to be
used for the fire stairs. The stairs, in turn, were
required because the restricted site 'forced the
architect, Gerhard Weber, to build a high
auditorium in order to include the necessary
seating capacity within the auditorium. The
plans and section of the Hamburg theatre that
follow are from the June, 1956 BUHNENTECHNISCHE
RUNDSCHAU. The first plan is of the original
building by Carl Friedrich Schinkel , 1825;
the next is of the 1926 modernization, when the
double-decker stage elevators were installed;
and last are the section and plans of the new
auditorium, built in 1955.
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A very recent design for stairs to end the
dead-end circulation alleys is that of
Philip Johnson for the Repertory Theatre
at Lincoln Center in New York. Fortunately,
or otherwise, this design was scrapped when
a repertory dance company could not be assembled.
The Eero Saarinen "Experimental" Theatre for
the same complex also has this circulation scheme,
though it is not as free as the Johnson design.
The Repertory Theatre design below was included
in the January, 1961 Buhnentechnische Rundschau.
iZ.
Lincoln-Center, New York, The Theatre for the Dance, Projekt 1959.Ardiitekt Philip Johnson. Grundrid und Sdanitt
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The happiest intermission circulation plan
surrounds the auditorium and permits an
easy traffic flow that does not have to turn back
on itself. This is particularly important in
today's theatres that must make some of the
circulation spaces do double duty both for
intermissions and for entrances and exits
to the outside. In the Paris Opera or Vienna Opera
plans, intermission spaces were quite separate. from
the main exterior entranceways.
The plans that are on the next page, from
the Essen Opera House competition, of 1959,
are by Eckhard Schulze-Fielitz. They indicate
one contemporary solution to the circular
circulation idea. Note the generosity of the
spaces, and that they are modulated to form
a series of separate spaces, rather than an
even ring. In this sort of scheme, great care
must be taken that the audience does not become
disoriented during their stroll, as would happen
in walking around a cylinder.
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Two other plans are interesting for their
audience circulation paths, as well as in
many other respects. The winning design
by Alvar Aalto for the Essen Opera House
exhibits the'.funnel scheme. Ostensibly,
the "excuse" for his assymetrical auditorium
was that the audience flow path should
naturally diminish as it reaches fewer and
fewer seats. This scheme is very straightforward,
however, and allows little variation for
intermission walking. It also is a dead-end
plan.
The plan and section on the next page are from
ARCHITEKTUR WETTBEWERBE #29, July, 1960.
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Another competition-winning design is that of
J~rn Utzon for the Sydney Opera House. Perhaps,
other thati the fantastic shell, the circulation
scheme is one of this design's most interesting
features.
Automobiles enter beneath the main flight of
steps. There are to be six lanes of traffic.
Unfortunately, this means that pedestrians
will have to .cross automobile paths before
they can reach the stairs that will take them
to the upper level. Note that this scheme integrates
the vehicular arrivals with the main pedestriati
traffic flow before it reaches the auditorium
areas. The main flow space is extremely generous,
and will enable the theatre-goers to form a
"grand procession" - in Mr. Utzon's words. During
intermissions, the spectators will not have to double
back on their entrance route. Instead, they may
continue to the promenades and bars at the
rear of the auditoriums, thus obtaining a fine
view of Sydney Harbor.
. .1
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1 Ansicht von der Sydney-Bucht" View from the ,Sydney-cove*
2 Ansicht von Osten 1 :1000 / View from East 1: 1000
3 1. OG 1 : 1000 / 1st floor 1 :1000
4 Eingangsgescho8 1 :1000 / Entrance floor 1 : 1000
5 Modelloufnahme / Model view
6 Langsschnitt 1 1000 / Longitudinal section 1 :1000
7 SaalgeschoB 1 1000 / Hall floor 1 : 1000
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The most successful contemporary circulation
scheme, from an audience viewpoint, is that
of the Mannheim National Theater by Gerhard Weber.
Although it does not consider the automobile,
the interior circulation is completely admirable.
The audiences for both theatres enter a common
lobby with the separate cloak room spaces for
either theatre at the ends. Opposite the entry
is the main bar that serves both theatres. From
this single lobby-foyer, stairs lead to the separate
auditoriums at the ends of the theatre building.
For those who do not wish to retrace their steps
during intermissions, small foyers are located at
the rear of the two auditoriums as in the Utzon
scheme. This design works beautifully. The
audiences of both theatres mingling in a single
intermission space is delightful.
The plans and section included on the following pages
are taken from Roberto Aloi's "Architetture Per Lo
Spettacolo", Milan, 1958. After the regular illustrations
of the Mannheim theatre, I have included the design.
for the original competition by Mies van der Rohe.
Interestingly, the circulation in Weber's scheme is
much more economical. Mies, however, does provide
the.luxurious circuit path for intermissions totally
around not only one, but both, theatres.
000)0 0
Pianta del piano terreno (- 4,76 m) / plan du rez-de-chausse 4,76 m) / ground floor plan (- 5,20 yd.) / Erdgeschoss (- 4,76 m)
i atrio delle biglietterie / hall des guichets des billets I ticket-box hall I Kavsenhalle - 2 cassa I caisse / ticket-box / Kasse - 3 ambulacro e guardaroba per
i due teatri / promenoir et vestiaires des deux thidtres | promenade and cloak-roon for both theatre, | Wandelhalle mit Kleiderablage far beide Huuser -
4 TV.C. - 5 entrata al palcoscenico I entrie de la scene I stage entrance /I Bineneingang - 6 piano mobile per il trasporto degli scenari I plateau amo-
vible pour le transport des dicors / m9vable platform for scenery I Hebebaihne far Dekorationstransporte - 7 sala del balletto I salle du ballet / ballet hall |
Ballettsaal - 8 deposito / dipt / storage I Stuhiwagenmagazin - 9 sottopalcoscenico (podio alzabile) della piccola sala / dessous de scine (estrade relevable)
de la petite salle / small theatre understage (sinking podium) Unterbihne (Hebepodien) kleines Haus - 1o sottopalcoscenico (scena girevole) della grande
sala I dessous de scene (scine tournante) de la grande salle / large theatre understage (revolving stage) / Unterbihne (Drehbihne) grosses Haus -- ii podio
alzabile per 'orchtestra ! estrade rehaussable pour l'orchestre sinking platform for the orchestra / Orchesterhebep:)dien - 12 deposito strumenti ! dip6t instru-
ments / instrument storage / Instrumentenmagazin - 13 sala per accordare gli strumenti / salle pour accorder les instruments I instrument tuning-room I
Stimmzimmer - 14 sala di prova / salle de ripititions / rehearsal room I Proberaum - 15 sala di prova dell'orchestra / salle de ripititions de l'orchestre /
orchestra rehearsal room / Orchesterproberaum.
Pianta al piano della platea (+3,33 m) / plan au niveau du parterre (±3,33 m) plan at stalls level (+3,63 yd.) / Parkettgeschoss (+3,33 m)
I W.C. - 2 entrate del pubblico alle due sale dello spettacolo | entri's du public aux deux salles de spectacles / public entrances to both theatres halls /
Zuschaueraufgunge zum grossen und kleinen Haus - 3 passaggio della grande sala / passage de la grande salle / large hall passage / Umgang grosses
Haus - 4 ridotto della grande sala foyer de la grande salle I large theatre foy'r / Foyer grosses Haus - 5 la grande sala / la grande salle I the large
hall I Zuschauerraum grosses Haus - 6 la piccola sala / la petite salle / small theatre, / Zuschauerraum kleines Haus - 7 scale di sicurezza / escaliers
de secours / emergency stairs / Fluchtwegtreppen - 8 montacarichi / monte-charge / goods-lift / Lastenaufzug - 9 zona di trasporto / zone de transport /
transport zone /- Transportzone - 10 retro palcoscenico della grande sala / arriire-scine de la grande salle / large theatre backstage / Hinterbahne grosses
Haus - i1 palcoscenici -della grande e della piccola sala / scenes de la grande et de la petite salle / large and small theatre stages / Bahne grosses und
kleines Haus - 12 deposito scenari / dip~t dicors / scenery storage / Magazine fur Dekorationen - 13 zona di regia della grande sala / zone de rigie de
la grande salle / large theatre stage-management / Regiezone grosses Haus - 14 camerini dei solisti / loges des solistes / soloists' dressing-rooms / Sologar-
deroben - 15 scale per gli attori / escaliers des acteurs / actors' stairs / Betriebstreppen im Darstellerbereich.
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Pianta al piano della balconata (+6,66 rn) plan au niveau du balcon (+6,66 m) plan at balcony level (7,27 yd.) I Ranggeschoss (+6,66 m)
i piano pieghevole nella piccola sala | plaque pliante dans la petite salle small theatre folding plate / Fallplatte im kleinen Haus - 2 passaggio dellagrande sala I passage de la grande salle 1 large theatre passage , Umgang grosses Haus - 3 ridotto della grande sala I fover de la grande salle I large
theatre foyer / Foyer grosses Haus - 4 la grande sala / la grande salle / large theatre / grosses Haus - 5 la piccola sala / la petite salle I the small theatre /kleines Haus - 6 scale / escaliers / staircases / Treppenhuuser - 7 montacarichi monte-charge / goods-lift / Lastenaufzug - 8 zona di trasporto / zone de
transport / transport zone / Transportzone - 9 retro palcoscenico della grande sala arrisre scine de la grande salle / large theatre backstage / Hinterbuhnegrosses Haus - 10 palcoscenici della grande e della piccola sala scines de la grande et de lu petite salle / large and small theatre stages / Biihne grossesbzw. kleines Haus - ii deposito scenari ' dip6t dicors ; scenery torage Mlagazine far Deko ationen - 12 zona di regia della piccola sala I zone de rigiede Ia petite salle small theatre stage-management / Regiezone kleines Haus - 13 camerini attori loges d'artistes dressing-rooms I Garderoben far Darsteller -
14 scale escaliers stairs Treppen.
Sezione longitudinale laterale I coupe longitudinale r
latirale | side longitudinal section / Seitenlangsschnitt.
7 1887
Sezione longitudinale / coupe longitudinale / longitudinal section Langsschnitt
i ambulacro I promenoir / promenade / Wandelhalle - 2 ridotto della grande sala fover de la grande salle I large theatre foyer I Foyer grosses Haus
3 la grande sala la grande salle I large theatre / Zuschauerraum grosses Haus - 4 la piccola sala / la petite salle I small theatre I Zuschauerraum
kleines Haus - 5 zona di trasporto : zone de transport / transport zone Transportzone - 6 retro palcoscenico della grande e della piccola sala I arriire
scine de la grande et de la petite salle / larger and small theatres backstage I Hinterbihne grosses bzu. kleines Haus - 7 palcoscenici -scenes I stages I
Bihne - 8 zona di regia della grande e della piccola sala / zone de regie de la grande et de la petite salle | large and small theatres stage-management I
Regiezon grosses bzw. kleines Haus - 9 camerini per il balletto | loges du ballet ball.t dressing-rooms I Ballettgarderoben - 10 sala di ristoro I cantine I
canteen 1 Kantine - 11 sala del balletto I salle du ballet / ballet hall Balltsaal - 12 deposito sedie della piccola sala I dipot chaises de la petite salle I
small theatre chair storage ! Stuhlmagazin kleines Haus - 13 podio abbassabile della piccola sala ! estrade abaissable de la petite salle I small theatre
sinking podium ' Hebepodium kleines Haus - 14 palcoscenico girevole della grande sala I scine tournante de la grande salle I large theatre revolving stage I
Drehbuhnc grosses Haus - 15 fossa dell'oschestra della grande sala fosse d'orchestre de la grande salle / large theatre orchestra pit / Orchestergrube
grosses Haus - 16 deposito strumcnti / dipit instruments ! instrument storage Instrumentenmagazin - 17 sala per accordare gli strumenti / salle pour accorder
les instruments tuning room for insti uments / Stimmzimmer - 18 sala di prova salle de rititions /I rehearsal hall / Probebiihne - 19 sala di prova dell'or-
chestra salle de ripititions de l'orhestre | orchestra rehearsal room Orchesterproberaum.
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Sezione trasversale / coupe transversale I cross-section / Querschnitt.
.1I.
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Sezione longitudinale j coupe longitudinale j longitudinal section / LAngsschnitt.
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Pianta del piano terreno ! plan du rez-de-chaussdc / ground floor plan / Erdgeschoss Grundriss
i entrata al grande auditorium / entrie au grand auditorium / entrance to large auditorium / Eingang zum grossenAudi-
torium - 2 sala di prova per l'orchestra e deposito strumenti / salle de ripititions de l'orchestre et dip6t instruments I
orchestra rehearsal and instrument storage Probesaal fur Orchester und Depot fur Instrumente - 3 deposito costumi /
dip6t costumes / costume storage / Kostamdepot - 4 sale di prova / salles de ripititions / rehearsal rooms / Probesaal -
5 vestibolo I hall / lounge / Vestibal - 6 camerini per gli artisti / loges d'artistes / dressing-rooms / Kunstlergarde-
roben - 7 entrata al piccolo auditorium / entree au petit auditorium / entrance hall to the small auditorium / Eingang
zum kleinen Auditorium - 8 laboratorio costumi / atelier costumes / costume workshops / Kostamschneiderei - o caffi
e cucina / cafi et cuisine I cafeteria and kitchen / KaJ&e und Kache - 1o autorimessa / garage - 1 i uftici / bureaux '
business offices I Buros - 12 uffici tecnici / bureaux techniques i technical and design studios / technische Baros - 13 am-
ministrazione I administration / Verwaltun.
Pianta del piano superiore / plan 6tage supericur ' top floor plan / Grundriss des oberen Stockwerks -
i palcoscenico principale del grande auditorium / scene principale du grand auditorium / main stage for large auditorium j
Hauptbahne des grossen Auditoriums - 2 retro palcoscenico / arrisre-scsne / backstage / Hinterbahne - 3 laboratori
scenografi I ateliers scinographes / paint shops / Werkstatt fur Bahnenbildner - 4 palcoscenico principale del piccolo
auditorium I scine principale du petit auditorium I main stage for small auditorium / Hauptbahne des kleinen Auditoriums
- 5 laboratorio scenari I atelier dicors / scenery workshop / Werkstatt fur Kulissenmalerei - 6 deposito I dipat I storage /
Depot - 7 camerini per solisti / loges des solistes I changing rooms for soloists / Garderoben fur Solisten - 8 ristorante
del teatro I restaurant du thidtre I theatre restaurant I Theaterrestaurant - g passeggiata I promenoir / promenade / Wan-
delhalle.
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The previous section concerned with backstage
organization has commented sufficiently
on the necessary circulation patterns for actors, scenery,
and so forth.
Ideally, actors should have .an entrance separate from
the back stage workers. In addition, their traffic
paths around the immediate stage should be kept
as separate as possible. Actors should enter
the stage near the proscenium, while scenery and
stagehands ought to enter and exit from the stage
at the rear. The plans of Cologne and Gelsenkirchen-
are ideal in this respect; as is that of Mannheim.
177.
NOTE.5 ON THE EVOLUTION OF THEATRE FOPM
178.
THE EVOLUTION OF THEATRE FORM
Not meant to be a regular-history of theatrical
form, this section of the thesis intends to
present some aspects of the evolution of such
theatrical forms as the proscenium arch, the
horseshoe auditorium, the fan plan. To do
this I have assembled many plans and sections,
interspersed with enough narrative to bind them
into some sort of sequence.
There may be factual holes in my argument. This
section should be regarded as an interpretation
of theatre form rather than an absolutely factual
account of its. formation and change.
179.
Early theatres, that considerably antedate
* the well known Greek examples, were pits.
Perhaps they were originally suggested by
fortitous rock formations. Gradually, they became
more elaborate, with steps for the spectators,
and a platform for the actors. The example pictured
below, and taken from ARCHITEKTUR WETTBEWERBE #25,
bears a striking resemblance to certain
contemporary experimental theatres.
Our example here is a drawing of the theatre from
the palace at Knossos, ca. 1700 B.C.
In the Greek era, in the Sixth Century B.C., the
great theatres began to be constructed. While
they sometimes are thought to be built in a fan
plan, I believe that they are not. Usually,
their form,- as at Priene, below, was roughly
rectangular. This rectilinear form included
circular rows of seating. Note that in the
Greek theatres, the angle of the spectators
around the acting area is somewhat greater
that 180 degrees. Tho problem with this form
was that it tended to focus all attention on
the round place occuppied by the chorus. Increasingly,
the acting was done outside this semicircle,
and thus, some seats did not have good sightlines.
Note the steep audience rake. The scene house
located just outside the seating area was used
for dressing rooms, as well as serving for
a background to the play. Here, it has three
entrance doors.
The illustration on the next page of the great
theatre at Priene comes form Theatergebaude I.
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The Romans took the Greek forms whole and
transformed them for the theatre as they did
with architectural forms in general. Gradually,
the theatre became a true semicircle, and
the scene house became very elaborate. This
scene house was, of course, permanent.
The Romans also used the Greek Odeon form,
which had been used mainly for musical,
events. Contrary to popular opinion, the
Greeks had found their great open air
amphitheatres inadequate acoustically for
music; and so, brought these events indoors.
The Romans sometimes placed these roofed-over
boxlike buildings in conjunction with their
open air theatres so that in inclement weather
the performance could be continued.
An instance of this practice occurred at Pompeii;
and is illustrated on the next page. Naturally,
this theatre dates from the First Century A.D.,
or before. I suspect it to be slightly earlier because
its form has not yet assumed that of a semicircle,
exceeding 180 degrees by just a bit.
183.
Bild 47. Das Grofie und Kleine Theater in Pompeji nach Fiechter
- linke H dfie Grojfes Theater, redke HalAe Gropes und Kleines Theater in der spateren Gestalt -
1&$.
The classical form of the Roman theatre is
shown on the following pages. Below is
a sketch from ARCHITECKTUR WETTBEWERBE #25
of the theatre at Orange, of about the Second
Century, A.D.
The next page shows a plan of the theatre at
Herculaneum, of about the same period. It is
included in Herbert Graf's "Aus der Welt der Oper".
Note that the seating area is exactly 180 degrees;
that the scene house has become a veritable wall,
as high as the seating section, and closing off
the formerly open side of the theatre entirely.
The scene house now has the classical five doors.
The one in the center is slightly emphasized.
185.
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Crirt r 58 Das rdmische Thea-
ter: Plan des Theaters
1 von Herculanum. Stich
von Benard nachDumont
4' K in der Encyclop6die von
Diderot und d'Alembert
Various projects in our own time have sought
inspiration from these Greek and Roman
prototypes. Generally, the seating angle
has been decreasedconsiderably from even the
Roman.180 degrees. Certainly, the large
assembly hall for the Soviet Palace in- Moscow,
a project by Walter Gropius, owes some of its
shape to the ancient theatres. The illustration
is from "Walter Gropius" by Siegfried Giedion.
THE MODERN THEATER
187.
155. SOVIET PALACE, MOSCOW, 1931:
Side elevation of assembly hall and theater.
156. Plan of large assembly hall (15000 seats)
and theater (5000 seats).
157. Longitudinal section of assembly hall and theater.
161
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Just in passing, one cannot resist noting that
the Utzon design for Sydney also owes a debt
to the Greek and Roman theatres. The shape of
the larger theatre is remarkably like that of
Priene, and that of the smaller one resembles
the Odeon.
100 mmra
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Nationaltheater, Oper und Sdsauspielhaus, Sydney (Australien, N. S. W.).
Ardiitekt Jorn Utzon.
Grundrig und Sdtnitt des im Bau befindlidien Projcktes (1957)
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Although the historical line now points directly
at Palladio, we should mention that another,
spontaneous theatre form was developing in the
inn courtyards of Spain and England. This
finally became the famous three-quarter
theatre of Shakespeare's era. A Nineteenth Century
interpretation of this antecedent is below.
ild 186. Volksheater in Worms 1887/1888 als Shakespeare-Bihne nad> Plinen von Otto Marc
-~ Innnanid~
~jr7 JI
Bild 187. Volkstheatcr in Worms 1887/1888
-Innenansid~t-
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Back in the Italian orbit once more, we recall that
the architects of the Renaissance rediscovered
the glory that was Rome, and Greece too. In
Palladio's famous theatre at Vicenza, ca. 1585,
we see that he essentially has roofed over
a Roman theatre. The ceiling is painted to
resemble sky, however. The famous persepective
vistas were added to the five classic.Roman doors
after Palladio's death. Remember the flattened,
semicircular shape of Palladio's auditorium,
when we look at the project by Nicholas Cochin
in a few pages. Already in the Vicenza theatre
the center door is becoming more important
visually than it was in Roman days. The illustration
below is from "Aus der Welt der .Oper".
Taz,5v ali F&n-a
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Only fifteen years after Palladio's theatre
at Vicenza, in 1600, Aleotti designed the
Farnese theatre for Parma. (Both of these
theatres, incidentally, are still in existence.)
This was a great barnlike space roofed over with
wooden trusses. But for the first time we see the
proscenium arch, and the prototype of a
horseshoe auditorium. The proscenium arch, as
we have seen, was descended directly from
the Roman doorways in the scene house. As perspective
began to be used for scenery these doors became
more and more difficult to handle. The scheme
at Vicenza has many problems in that most of the
audience cannot see all of the vistas. Moreover,
as painted, mcveable scenery began to gain favor,
the audience had to be more or less on the axis
of the drawn perspective to make it seem
real. Parma exhibits all of these changes.
It should be noted that the the five Roman doors
still are there, though four of them have become
mere niches in the walls of the proscenium area.
Though at a larger scale, the planometric section
of these walls closely resembles the contours of
nearly ever proscenium theatre built after this one.
The illustration on the next page is from Mr. Graf's
"Aus der Welt der Oper".
4H-
__ -- -- -- -~
193.
About seventy-five years after the Parma theatre
had been built, the one below was illustrated in a
treatise by Fabrico Carini Motta. Note that the
almost happystance features of the Parma theatre
now have been codified into a form very nearly
approaching the traditional horseshoe opera house.
If we count every niche in the.proscenium
wall we still may find the five Roman doors.
194.
Although the first operas were not composed until
around 16Q0, and heavy scenic demands were not
added to their production until considerably later,
the horseshoe auditorium and proscenium theatre
grew arm in arm with opera and with the influence
of the various Dukedoms of Italy. By 1737, San
Carlo in Naples had been built fothe King of Naples,
and in it we see the traditional Italian opera house,
now complete with boxes.
The plan of San Carlo follows, on the next page;
and that of La Scala in Milan, ca. 1779, is
another page further. Both of these plans come
from Graf's "Aus der Welt der Oper.
195.
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San Carlo Opera House, Naples
196.
La Scala Opera House, Milan
197.
The Roman doors did not die out completely with
the coming of the single proscenium arch for opera.
The famous project by Nicholas Cochin of 1765,
for instance, used both the flattened semi-circle
of Palladio's Vicenza auditorium, and three
of the five doors. Scenery of course was to be
placed behind these openings. We recall that
the scene house of the greek theatre of Preiene
also had just three doors.
4 4
Bild 79. Theater-Reformprojekt 1762
von Charles Nicole Cochin 1765
The ideas of Cochin have reappeared in
two Twentieth Century designs. The three doors
are incorporated into August Perret's Paris theatre
of 1925 as a tripartite division of the proscenium
area by structural columns. (The new festival theatre
at Stratford, Connecticut also has this scheme.)
The plan that follows on the next page shows
some of the stage form possibilities that could
be accomplished within the design.
The other design that has been compared with Cochin's
efforts is that of Eero Saarinen for the experimental
theatre at Lincoln Center. In this plan, however,
there is no tripartite division of the stage. But
the plan of the auditorium is remarkably similar to
that of Cochin. Perhaps this is not so surprising,
because Cochin was trying to reform the elongated
shape of the horseshoe auditorium of his day, and
thus to get his audience closet to the stage.
Saarinen may well have similar motives. A comparison
of these plans, from the BUHNENTECHNISCHE RUNDSCHAU
of January, 1961, follows the Perret plan.
199.
216 Die allgemeine internationale Weiterentwidlung des Tbcatergebaudes
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Bd 319. Theater der Kunstgewerbeausstelung in Paris 1925
Arditekten: A. und G. Perret
5 Grundrusse und darugber die upuspredhenden Langss~Anite, die versdiedenen Einstellungsneaglidkeien Proszeniums darstellend.
Die kiemnen Quadrate stellen die Lidstquellen dar.
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Theaterprojekt von Codain (1765)
Lincoln-Center Repertory Theater, New York.
Parkett-Grundril mit und ohne Votbuhne.
Ardiitekten Eero Saarinen und Jo Mielziner, Projekt 1960
-1
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By the mid-Eighteenth Century, the small court
Baroque theatre was as well established in
the German-speaking countries as the horseshoe
auditorium was in Italy.
A plan of the.Stuttgart opera house of 1751
shows the very small auditorium connected
to the huge stage, that was required"for..the :elaborate
stage spectales and perspective vistas that were
then so much enjoyed. A typical section
is that of the old Bayreuth opera house. Note the
relative size of the attic and the stage to the
auditorium. When Richard Wagner was looking
for a suitable place to produce his mighty RING,
the Bayreuth opera house boasted the largest
stage in Germany. Supposedly, that is what first
brought Wagner to the little Bavarian town where
he later was to built his great Festspielhaus.
202.
Bild 127. Das Stuttgarter Opernbaus um 1751 - Umbauplan von Louis de la Guepiire
-- - - --
n r I
T
Bild 125. Opernbaus in Bayreutb 1748
Ard>itekien: Josepb St. Pierre und Giuseppe GaU -Babena
- Langssdiniu-
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Although it often is impossible to ascribe precise
ancestors to a particular contemporary design,
comparisons sometimes are illuminating. On the
next page, we see plans for the old drama theatre
at the Carnegie Institute of Technology juxtaposed
with a design by Morelli, ca. 1780. Even the
poor reproduction of the Carnegie interior
has a distinctly Baroque flavor.
If one reviews the various operahouse and theatre
plans already presented in this essay, the
influence of the various Baroque forms will be
apparent. These forms worked so well in their own
time because they really were suitable to the needs
of their day. The theatre was a festive occasion.
Further, the proscenium did not seem to produce the
visual break with the auditorium that it does today,
because the Baroque stage settings were so stylistically
consistent with the architectural treatment of the
auditorium. Wagner, for example, realized that
the Baroque Court Theatre would not be suitable for
the production of his operas because the stylistic
differences would separate the spectator from the
intended dramatic impact. Wagner also wanted his
audience to be able to see the whole stage.
-i- 1.4
Bid 313. Das Theater des Carnegie-Institute o Technology in Pittsburgh
Bild 80. Das Theater zu Imola 1779 bis 1780
Architekt: Cosimo Morelli - Grundrip
Bild 314. bas Theater des Caregie..lnsiute of Technology in Pittsburgh,
- Zwueauaa -
24.
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As early as 1797 Friederich Gilly had produced
plans for a drama theatre based on sightline considerations.
Gradually a reform movement began in Germany;
and we can recognize a direct connection between the
designs of Gilly, Schinkel, Semper, and of course,
Wagner.
The plans and sections on the following pages by these
designers all were taken from THEATERGEBAUDE I. Note
the gradual progression from the remnants of the
horseshoe auditorium in Gilly's design to the
full fan shape of the Wagner Festspielhaus. Thus,
my idea is that the fan plan was almost totally
a result of the German reaction to the bad sightlines
of the Italian opera house.
20.
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Bild 133. Entwurf zu cfrwrn Schauspielbaus urn 1797
Ardbitckg: Friedr. Gilly
Bild 133. Entwurf zu tinem Schauspielbas urn 1797
Arditekg Friedr. Gilly
-P. upektivisdSe Innehansi~t -
-k-W
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Bild 134. Entwurfskizze zu cinem Scauspielbaus um 1797
Arditekt: Friedr. Cilly
2&
Bild 136. Sdinkels Bahne 1817 far den Umbau
des Sdhauspielbauses in Berlin
- Grundrifl -
Bild 130. Ideenskizze Scbinkels
- -A
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Bild 142. Hoftheaterentwurf far Dresden 1833
Arditeki: Semper
Bild 134. Entwurf zum prov. Festibeater - Projekt A
Arcbitekt: Gott fried Semper - Langsscbnitt -
0DIM . 19n.'
Bild 155. Entwurf zu einem Monumentalen Festspieltbeater in Manchen 1865
Architekt: Gottfried Semer - Grundri?
Bid 156. Entwurf zu einem Monumentalen Festspieltbeater in Manchen 1865
Architekt: Goufried Simper
-_-_LAngsschniu -
eS.b.
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Bild 160. Das Hoftbeater in Wien 1895 -Arditeks: Gottfried Semper und C. v. Hasenauer - Grundril
I.
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Bild 161. Das Wagnersde Bibnenfestspielbaus in Bayreuth 1876
Arditekt: 0. Bridnwald
-- runds-i --
Die Reform des Zusdauerraumes in Anlebnung an das antike Vorbild
ot4toteo ' a t .
Bild 162. DasPrinzregententbeater in Mincben 1901 - Archigekt: Max Littmann - Grundri$
a ~ - - t - -I
Bild 163. Das Prinzregentensbeaaer in Minden 1901 - Arditekt: Max Litmann - Langssdnit
t
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Typical of the German designs that followed this
sightline revolution in theatre form was the
Berlin Schauspielhaus. This design is peculiar
because of its connection, via a bridge above the
street behind the theatre, to the storage magazines
and scenery shops in the adjacent building.
21J.
104 Reformbestrebungen in der Gestaltung von Bihne und Zuscbauerraum
Bild 138. Das Sdcauspielhaus auf dem Gendarmenmarkt in Berlin - Um- und Erweiterungsbau 1935
Arditekt: Preupisdbe Staatshodbauverwaltung
215.
Die Bihnenreform xM
Bild 139. Das Sdbauspielhaus auf dem Gendarmenmarki in Berlin - Um.- und Erweiterungsbau 1935
Arbitekt: Preuiscbe Staatsbod bauverwaltung
- V
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Bild 140. Das Schauspielbaus am Gendarmenmarkt nad> dem 2. Weltkrieg
216.
Moving on to the contemporary theatre, I include
the most recently built opera house first: the
new Festspielhaus at Salzburg. After the plans
and sections of the new house, I have added
some of its predecessors, projects as well as buildings.
The new Salzburg drawings are from the BUHNENTECHNISCHE
RUNDSCHAU, June, 1960. The drawings of the older
buildings are from " Das Neue Salzburger Festspielhaus."
After the presentation of Salzburg, I have placed'
various contemporary theatres that I find interesting.
After reading my previous comments, the reader
will be able to infer any analysis that I might
make of these projects. Therefore, I shall refrain
from any further analyzing.
217.
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Sdmitt durdi die Hauptadse
I Eingangshalle; 2 Logen; 3 Logenfoyer; 4 Rangfoyer; 5 Projektionskabine;
6 Parkett; 7 Rang; 8 Beleudnterbruckc; 9 Zuschauerraum-Raudsklappen;40 Eis.e-
-ner Vorbhang; 11 Portalbrude; 12 Akustikblenden; 13 Beleuchterbrucken; 14 Pro-
spektzuge; 15 SdinUrbuden; 16 Rollenboden; 17- Buhnenhaus-Raudtklappen;
13 Arbeitsgalerien; 19 Projektionskaverne; 20 Anlehngitter; 21 H4jpodien;
22 UnterbUhnenantrieb; 23 Ordesterhubpodien; 24 Ordestergarderoben;
25 Heizungs- und Luftungszentrale
Ansidst des Prosaeniums bei enger Bihnenbffnung (14 m)
- des Prseims lei i nn
Ansidnt des Proszeniunu 6.1l bkiter Bhahnnffung (30 m)
Grundrid
PArkett -
-Logenfoyer
Grundrifi
Rang -
Rangfoyer
BOhne:
mic Konvens"I
Grundrid
Stra&nhahe
b..w
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Plan of the former Salzburg Festspielhaus, used until
summer, 1960.
2W.
Project by Hans Poelzig for a great Salzburg
Festapteihaus in a park. 1920.
itwvrf fOr sin Festsplelbaus im Pork des Schiosses Hellbrunn ion demn Berliner Arduitekten Professor Hans Paslzig, 192
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Bild 324. Thcater fur Masscnauffiihrungen und musikaliscbe Darbictungen fir 4000 Personn
Wctbcwcrb Theater Charkow 1931 - Architekt: Wilbehn Kreis, Dresden
- Ldngsscbnitt
Bild 325. Theater fzGr Massenauffdbrungen und musikalische Darbietungen far 4000 Personen
Wettbewerb Theater Charkow 1931 - Architekt: Zdenko von Strizic
Langsschnitt -
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Project for a new theatre at
Bahia, Brazil. by
Jose B. F. Filho and
Humberto L. Lopes
from:
ARCHITEKTUR WETTBEWERBE #25
24.
F
L.F
1 Logeplan / Site plan
2/3 Modellaufnohmen / Model views
4 Langsschnitt I Longitudinal section
S Eingangsseite / Entrance side
6 2. OG (BohnengeschoS) / Second floor
7 Modelloufnahme / Model view
8 SoolgeschoB / Hall floor
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EIN WETTBEWERB FUR DAS
STADTTHEATER IN LUXEMBURG
I
227.
Project by Walter Gropius, 1930.
From "Walter Gropius" by
Siegfried Giedion
TilE MODERN TIH EATER
I
150. UKRAINIAN STATE THEATER, KHARKOV, 1930. Perspective.
151. Side elevation.
152. Longitudinal section.
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THE MODERN THEATER
'I
148. UKRAINIAN STATE THEATER,
KHARKOV, 1930. Project. International
competition, 8th prize. Entrance elevation.
1!
ii
II
149. Plan.
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29g.
Project by Walter Gropius
for the Civic Center, Halle
From "Walter Gropius" by
Siegfried Giedion
THE MODERN THEATER
231.
160. CIVIC CENTER, HALLE an der Saale, 1927:
West elevation.
161. Section of town hall.
Roof and ceiling suspended from steel towers.
162. Plan of entrance level.
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163. Plan of hall level.
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Three projec t s 1 rom the Dusseldorf Schauspielhaus
Competition of 1959-60, follow. The drawings are
from ARCHITEKTUR WETTBEWERBE # 29, July, 1960.
The first project is by Bernhard Plau. It is one
of the very few contemporary designs to use curved
exterior forms.
Preis / Prize:
Bernhard Pfau, Architekt, DUsseldorf
Mitarbeiter: Dipl.-lng. E. Heinsdorff
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4 1. OG 1:500 / 1st floor 1:500 '
2 -
6- Jj
v 'kI .Ia .aU..%'
2
2-
2-
H
. a , r...
.- 0
I I 11
235.
~- -~..
?It~*a IO ZtDSCHAIRMAUSgS
'~1
5 2. OG (Bohne) 1: 500 / 2nd 'toor (stage) 1:500
6 Longsschnitt 1:500 / Longitudinal section 1:500
7 Modellaufnahme von Norden / Model view from north
8 3. OG (Sal) 1:500 / 3rd floor (auditorium) 1:500 *
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The second of the Dusseldorf Competition designs
is by. Herbert Balg.
UussUVuurT 'J7yuw Lfn;wurti / rojec? boig
Entwurf / Project:
Herbert Baig, Architekt, KOIn-Lindenthal 23S.
---*
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e2
I 3.-
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2 39.
Lageplan 1:2500 / Site plan 1:2500
EG (Eingang, Garderoben) 1: 1000 /
Ground floor (entrance, check-rooms) 1:1000
Querschnitt 1: 1000 / Cross-section 1: 1000
2. OG 1:1000 / 2nd floor 1:1000
1.OG1:1000/ lstfloor1:1000
Innenraumperspektive / Perspective of interior
Isometrie / Isometry
iFa
-j
4
5
J~m-J
7
6
. ;
rAW*.
The third Dusseldorf plan is by P. Lanz and L. Schlor.
1 Lageplan 1:2500 / Site plan 1:2500
2 Innenroumperspektive / Perspective of interior -
3 L6ngsschnitt 1 :1000 / Longitudinal section 1: 1000
4 1. OG (Soal) 1: 1000 I 1st floor (auditorium) 1:1000
5 EG (Eingong) 1:1000 / Ground floor (entrance) 1:1000
6 Variationen der Bohne / Variations of stage
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The last of the four Dusseldorf Competition designs
is by Roland Ostertag.
ws.Iwo iy)WW - Entwaf j Project Ostertag
.243
r I
* *
1 Ldngsschnitt 1:1000 /
Longitudinal section
1 1000
2 Foyer-GeschoB 1:1000 /
Foyer floor 1:1000
3 EG (Eingang,
Gorderoben) /
Ground floor (entrance,
check-rooms)
4 1. OG 1:1000/
1st floor 1: 1000
5/6 Variationen der B0hne /
Variations of stage
I
2
3
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Some contemporary designs are interesting,
but impractical for one reason or another.
Thus, this next group of drawings might
be called "wild schemes."
-- - -----------
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Bild 184
Entwurf fir ein Volksopernhaus in Paris 1873
Ardsitekten: Davioud und Bourdais
- Grundrif -
Bild 185. E~wr f|ir in Volksopernhaus in Paris 1873.
AwIhfiuk fdwinu mamiE Rnurdaix - AneVsdmIt
ab /
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Die Misdformen 205
IQ as 0 0 1 30 40 So~
Bild 301. Das Theater der Roten Armee in Moskau 1940
Akademiscber Arcitekt: K. S. Alabjan und Arcbitekt W. N. Simbirzew
- Grundrip in H6be des oberen Ringes - , (Hinweiszablen ohne Bedeutung)
214
Die Misdsforncn
Bild 298. Projekt .Dworza Sowjetow", Saal Jar 6000 Personen
Arcilek*en: W. G. Gelbfreicb, B. M. Jofan, W. A. Schukow
- Grundrif -
Bild 299. ProjekS .Dworza Sowjetow", Saa! fir 6000 Personen
Architekeen: W. G. Gelbfreich, B. M. Jofan, W. A. Schukow
- Innenansicbt -
249.
Die allgemeine internationale Weiterentwidlung des Theatergebdudes
I!' e 'U a .u lu
Bild 288. Theaterprojekt far Asdjabad 1934
Akad. Arcitekt: A. W. Sdtscbussew - Grundrif?
Bild 289. Theaterprojckt fir Asdjabad 1934
Aad. Arcbitekt: A. W. Scbtschussew - Perspektivische Hauptansicht
196
IBild 286. Projeks Jar uin grofles Theater &er BSSR in Mmnsk 1934
Arcbstckt: N. A. Trotzkd Parkeugescho$
1 0 1 lm
77~~L1~I~1 U r~IJh ~I
0** 'V
fadM b er~~ jr SWtrvdlOw~k Bad 291. Theaterproiekt fur Swerdlowsk
Jmiet . G oloisor Architeki: A. J. Gelossow
Gniriin H6&b &s Y -W.mgura Grundtsp i3 Ht~b d&S HocbpaketS
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Bild 176
Das Sebaldtsde Terrassentheater
in Berlin 1904
- Umbau des ehemaligen Panoramas
am Alexanderplatz -
Die allgemeine internationale Weiterentwi/dung des Theatergebdudes
Bild 331. Entwurf zu cinem Raumbuhnentheater fGr 6500 Zusdauer - 1940.
Arditekt: Oftmar Sduberth
- Grundrifl des Erdgesdosses (1. Ring) -
D as Einraumwbeato XC252.
Buld 332 Bild 333
Raumbibment beet e Raumbiihnendbeatcr wie
wie Bild 331 1 Bild 331
Biinenstellung A: mit ganzcr B~dmencinstcllung B:
Vorbibne als Spiedjeld mit Orcbestcr wsd gro-
Hauptbibne mit 23 m JPur,~ flem Teil der Vorbibno
*mesSer als Spielleld
Bild 334
Raumbibnenantcr wic
Bild 331
Bibnenstellung C:
Versonkfiscbe der Haupt-
bibne, stufenweise hod,-
gejabren
Buld 335
Raumbiibentheatev wit Buld 331
Bshmnstdlung D: Versmnktisd~e dir Haupthabne, stafen-
wise vTriflkt
Eindnuds fur die Zudmauer: Blids von der Hdh. ins fie
15 Wermer. Theatergebiude
MUMM-5k
7 
Project by Werner Ruhnau for a theatre, BTR 4/60
253.
Sdinitt durdi das Projekt Opern-
haus Essen:
Foyer und Spielflie In einer
Ebene, dort hineingestelit die
Zusdiauertribune.
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To conclude the examples of theatre buildings,
I have added two designs that have especial
appeal for me. The first is for a " Q-Theatre"
for London by H. Herrey. I enjoy this design
because it comes very close to providing a
complete, unbroken architectural enclosure
for both audience and players. It does not
do so completely, however, and to me, this is
its failing. Frank Lloyd Wright's Dallas theatre
is an essentially similar theatrical conception.
Because the Wright plan is so familiar, I have
not included it here.
255.
Bild 310. Das community -Tbeatre
(Q-Tbeater) ftir London
Arcbitekt: H. Herrey
- Grundrip in Bbnenbheb -
Bild 311. Das Community-Theatre (Q-Tbeater) fir London
Architekt: H. Herrey - Langsscbniu
256.
The last plan to be included is that of Hans Scharoun
which won the competition for the Berlin Philharmonic
Hall. Often one must turn to the concert hall to
find a really complete theatrical form. Most
concert halls would, for me, make admirable theatres -
if one does not demand too much scenery. Although
this plan completely surrounds the stage, it gives
a single principal focus, and it puts most of the
seats in an optimum relationship to the stage.
These plans are from ARCHITEKTUR WETTBEWERBE # 25,
of June, 1959. The last plan covers -two pages and
must be folded out.
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1. Prei:
Prof. Dr ing. . H. Hans Scharoun, Berlin
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6 Logeplon 1: 2500 / Site plan 1 2500
7 Modell des Soales I Model of hall
8 3. OG - SoolgeschoB 1 :500 / 3rd floor - hat! floor 1 :500
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BIBLIOGRAPHY
As in the other parts of this thesis; there is
no attempt in this bibliography to be encyclopedic.
I merely list sources that I have found useful,
rather than a compendium of titles. After my own list,
I include an additional list of recent publications on
theatre architecture, prepared by the Department of
Speech, University of Pittsburgh. For this list,
I owe thanks to Leon Shiman. Rather than include
works on both lists, I have double-starred those on
the University -of PLttsburgh list that I have found
to be of particular value.
26.
BOOKS:
1. Aloi, Roberto, ARCHITeCTURE PER LO SPETTACOLO,
Ulrico Hoepli Editore, Milan, 1958. This is the
most recent basIc book of theatre plans to be
published.
2.Burris-MeyerH. ana Cole, Edward C., THEATRES AND
AUDITORIUMS, Re inhold, New York,- 1949.
3. Giedion, Siegf'ried, WALTER GROPIUS, Reinhold,
New York, 1954,
4. Graf, Herbert, AUS DER WELT DER OPER, Atlantis,
Zurich, 1961.
5. Gussmann , Hans, THEATERGEBAUDE - TECHNIK DES
THEATE]RBAUS, Verlag Technik, Berlin, 1954.
This, with its companion, Theatergebaude, Vol. I,
is a most basic work concerning tneatre design.
Unfortunately, it is in German, and it is published
in the East Zone of Germany.
6. Moretti, Bruno, TEATRI, Ulrico Hoepli, Milan, 1936.
7. Werner, Eberhard, THEATERGEBAUDE - GESCHICHTLICHE
ENTWICKLUNG, Vol.I, Verlag Technik, Berlin, 1954.
8.Zucker, Paul, THEATER UND LICHTSPIELHAUSER, Ernst
Wasmuth, Berlin, 1926.
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ARTICLES:
The articles from the 1 ', Erncyclopedia Britannica
have been of great help me, in the section
about 'TNG-R-,E. I have included those that I
found :ost interesing i Appendix A.
In Vol. III -f Talbot hamlin Is FORM AND FUNCTIONS
OF TWENTIETH CENTUWY ARChITECTURE, Columbia University
Press, New York, 1952, articles by Lee Simonson.
and the editor on Auditoriums, by Ben S>chlanger
on Motion Picture Theatre , by Arthur Harmon
on Auditoriums are conservative but sometimes
interesting. Some of the plans and sections
included in this series are difficult to find
elsewhere.
Periodicals:
The whole series of the German Magazine
BUHNENTECHNISCHE RUNDSCHAU, from about 1950 on,
are very useful if one can find them and if
one- understands some- German. This magazine is
published in Berlin by Klasing and Co.
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UNIVERISITY OF PITTSBURGH
PITTSBURGH 13, PENNSYLVANIA
DEPARTMENT OF SPEECH OCTOBER, 1960
RECENT PUBLICATIONS ON THEATRE ARCHITECTURE
This bibliography is provided as an activity of the Theatre
Architecture Project, American Educational Theatre Association. Sug-
gestions and comments are welcomed. Further information regarding
these publications is available through Ned A. Bowman at the above
address.
1. "Arena Theatre Designed for D. C. by Harry Weese," Progressive
Architecture (June '60), p. 65. Plan and Photograp~h
model. Arena is scheduled for'completion in Fall, 1961.
2. "Arts and Cultural Centers; An Exhibition at the Octagon Gallery,"
Anmerican-Institute of Architects Journal (May '60), p. 50,51.
111uTtra n T C~a dean Festival, Strat-
ford, Ont.; Kleinhans Music Hall, Buf falo; Lincoln Center,
New York; Municipal Opera House, Sydney, Australia.
3. "Auditoriums: Flexible Stage," Progressive Architecture (March
'60), p. 160. A unique "dre-ssher~eT/ r"-twvo level forestage
is substituted for an elevator lift. Evanston High School:
Evanston, Illinois. By Perkins and Will.
4. Bagenal, Hope. "New Theatre Problems and the Guildhall School,"
Theatre Notebook, PKIV, No. 1 (Autumn, '59), 13-16.
5. Brustein, Robert. "Scorn Not the Proscenium, Critic," Theatre
Arts, XLIV, No. 5 (May '60), 8-9. The major ills of Broad-
way~theatre are not to be solved by architectural reform,
but by better plays and more originality.
6. "Building for the Performing Arts," Architectural Forum, CXII,
No. 6 (June '60), 86-107, A series of four ariEles,
liberally illustrated. Constitutes a sampling of recent
architectural conceptions, with emphasis on types other
than educational theatres.
7. Cole, Wendell. "The Theatre Projects of Frank Lloyd Wright,"
Ed:,cational Theatre Journal, XII, No. 2 (May '60), 86-93.
1T35Tision iiolfegEt -pri?575eTds by Wright, only two of which
have been realized. Also see: "FLLW'S Dallas Theatre,"
Architectural Forum, CXII, No. 9 (March '60), p. 130-35.
8. "A Geodesic Dome Theatre for the San Diego Children's Zoo,"
Arts and Architecture (January '60), P. 16,17.
265.
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9. CInternational Contest for the Construction of a National Theatre
at Luxembourg,] l'Architecture d'Aujourd'hui (Paris), XXX,
No. 86 (October -November '59), p xix-xxi. Three projects
granted first, second and third prizes.
10. Jenninrs, John. "Winthrop Ame's Notes for the Perfect Theatre,"
Educational Theatre Journal, XXI, No. 1 (March '60), p. 9-15.
A criiqueof notes made by Ames in 1907 during a European
trip, while planning a theatre in Boston.
11. "A Look in the Now Salzburg Festival Hall," Die Buhne (Vienna),
Heft 21 (June '60), 14-15. Pictures anZ~Flan: A sketchy
treatment of the completed building. Also see: Nordegg,
Sepp, "Salzburg's New Festival House," Die Buhne, Heft 19
(April, 1960), p. 11.
12. Miller, James Hull. "The General Auditorium" AIA Journal (August
'60) 73-78. A strong argument for the theaire7oia single
architectural space, with considerable gratuitous information.
13. "A Modern Theatre by Richard Neutra, Architect," Arts & Architec-
ture (Lay '60) p. 15-17, 28,29. A First HonoF~ward in the
competition for the City Theatre of Dusseldorf. Plans, draw-
ings, photographs of model.
14. Moro, Peter. "Civic Theatre, Nottingham," Architectural Review
(January '60), p. 26-27. The "Playhouse Theatre," wth
Richard Southern as consultant.
15. "New Theatre. by Werner Ruhnau, Rave and M. C. Von Hausen, Archi-
tec'ts," Arts and Architecture (March, '60), p. 18-19, 32.
Gelsenkirchen~~~Germany. Extrior photographs, plan.
16. Ruhnau, Werner, Wassili Luckhardt and Karl Wilhelm Ochs. 'With-
in and Without in Theatre Buildin' Buihnentechnische Rundschat
LIV, Heft 4 (August '60), 7-11. Interesting speculation about
future developments by three German practitioners; Sketches
of Ruhnau's project for a Schauspielhaus Dusseldorf, with the
single architectural space comprised of elevated podiums: a
'space piano."
17. Schmalor, Rolf. Architectur Wettbewerbe Exchitectural Competi-
tionfs] Heft 2=5 Theater unKzthduser, Stuttgart: Karl
Kramer Verlag, 1959 -T120~~pages, 216 illustrations, about
$3.00. Devoted entirely to recent competitions for theatres
and concert halls. Contains a concise history of theatre
architecture,
18. C'The Werkbund at Cologne1 Casabella (Milan) No. 237 (March '60),
20-22. Three pages of large photographs of Henri Van der
Velde's tri-partite theatre completed in 1914. Interior and
exterior photographs; plan. Also see the translation, p. ix
"A Decisive Work: The Cologne Theatre."
266.
Notes:
1. Competition for the Zurich municipal theatre closes
October 31, 1960.
$ 2. Buh'nentechnische Rundschau has reviewed favorably the
1olowing recent trade 3k: Thiel, Hans W. Saalbau--
Handbuch fur die Planung -von Saalbauten. MunTch TVerlag
George D.~~ ICail~wi~y,195'~ f56 pages, about $13.50).
3. Educational Thealtre Journal has announced completion of
t ~:ae olig~ea~~as:
Loughrie, Donald. "An Investigation 'of the Physical
Plants of selected Arena Theatres in the United States,
Bowling Greed State University, M. A., 1958.
Weeks, Burton. "Analysis of Frederick J. Kiesler's
Universal Theatre and the Implications of Flexible
Theatre Today," Syracuse University M. A., 1958.
Wlilliams, Joan. "The Development of Theatre Archi-
tecture in America from 1900-1957," Tennessee Agri-
cultural and Industrial State University, M. 3., 1958.
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UNIVERSITY OF PITTSBURGH
PITTSBURGH 13. PENNSYLVANIA
DEPARTMENT OP SPEECH January, 1961
RECENT PUBLICATIONS ON THEATI. ArHITECTU:
This bibliography is provided as an activity of the Theatr e Architec-
ture Project, American Educational Theatre Association. Suggestions and
comments are welcomed. Further information regarding these pub lications
is available through Ned A. Bowman at the above address.
19.- Conant, James 3. Recommendatiors fr Education te Junior Hh
School Years. Pinceton, N.J.:
-Educational Testir. Service, 1960.
Page 31: "Sa-s.factory instruction resuires that the
ol=o 4 3'ng facilities be available for pupils in grades 7
and 8: (1) a well-stocked libary. . .; (2) a gymnasium
with bocker rooms and showers; (3) specially couipped home
economics rooms for girls and industrial arts rooms for boys;
(4) an auditorium or assembly space for at least half the
student body; (5) cafeteria space for at least one-third of
the student body."
Page 32: "Student assemblies "re an important device for
promoting schon1 spirit as well as a useful instructional
aid, especially in music and dramatics. As with the library,
however, a note of caution is in order. Too often handsome
auditoriums are not used extensively enough, probpbly because
of scheduling. problems. Freouently the auditorium is satis-
factorily combined with the cafeteria, which, like the gym-
nasium, may not be a necessity in every school throughout the
country."
20. DeGaetani, Thomas. "Theatre Architecture; or: How Does, I L from
Where You're Sitting?" The Juilliard Review, VII (Spring '60),
p. 4-11. A brief historical survey, liberally illustrated.
21. English, John. "A New Deal for the Theatre - II" New Theatre Magazine,
II, No. 1 (October '60), p. 19-25. Detailed development oplanning
for the Arena Theatre - a three-side arena.
22. Feder, Abe. "Theatre Form Through Light," American Institute of Archi-
tects Journal (October '60), 81-83. Basic suggestions for lighting
the auditorium and related audience areas.
23. Miller, James Hull. "Why Theatre Architecture Lags," Players Magazine,
Part -: XXXVII, No. 1 (October '60), p. 6-7; Part II: XXXVII
No. 2 (November '60),. p. 30. An evaluation of problems which
beset the educational theatre planner.
268.
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24. Mdro, Peter. "Theatre Today," Architectural Deig (September '60),
p. 358-68. Prognostication on building design, with sections
treating Germany, France, Luxembourg, Roumania, the United
Kingdom, Canada, the United States, Brazil and India. Several
less-publicised examples. Photos, plans & sections.
25. "Das neue Festspielhaus in Salzburg," P7nentechnische Rundschau,
Nr. 6 (December '60), 32-43. A- conrc.ensive rcort with many
illustrations, includi..g a color photograph of the auditorium.
26. Priefert, Ernst. "Shape and Acoustics in Recent German Concert Halls,"
Architectural Design (July '60), 282-88, Considers many European
theatres, and includes photos, plpns & sections.
27. Schweicher, Kurt. "Theaterbau in Deutschland," ForM (('dln), X (1960),
10-21. Critical coimmcntary on post W.W. II German theatre building,
based on recent competitions at Kassel and Gelsenkirchen. Nine
pages of photographs of the two, with critical captions in French,
German, and English.
28. Southern, Richard. "A University Theatre," New Theatre Magazine, I,
No. 4 (July '60), 21-24. Description o? a "double stage" theatre
for the University of Southampton. Sketches by the author.
.29. "The Theatre Automatique," Architectural Forum (October '60), 90-96.
Excellent coverage of the completed Loeb Drama Center at Harvard,
with much attention to Izenour's contributions. Also see: "Drama
Center for Harvard," Architectural Record (September '60), Cover,
. p. 151-60. Extensive graphic information, with several photographs
of the exterior and audience areas.
30. Uffholz, Jacques. "Fahrbarer Theatersaal," Bauen und V'ohnen (October
'60), p, 385-90. rroject for P travelling theatre of modular
wheeled units, designed as a thesis project at the Ecole
Polytechninue de 1'Universite Lausanne.
31. Werk (Winterthur), XLVII, Heft 9 (September 'AO). Snecial issue on
theatre architecture: Hans Curjel "Tendenzen im heutigen
Theaterbau," 297-300; Werner Ruhnau "Aus der Sicht des Archi.tekten,"
309-311; Teo Otto "Aus der Sicht des BUhnenbildners," 326; Aus der
Sicht des Akustikers," 338-40. Also features on Wright's Dallas,
Texas; Stratford, Ontario; Gelsenkirchen; Salzburg's Festival Hall;
Luxembourg National Theatre; Bahia, Brazil; Brasilia, Tampere,
Finland; Teatro Vittorio Gassmann in Rome; Theater am Hechtplatz
in Zurich. Project photographs of Alvar Aalto's Essen opera house,
and competition submissions for the Schauspielhaus DUsseldorf.
32. Wogenscky, Andre. "The Toric Theatre," Cimaise (Paris) VII (April,
May, June, '60),. p. 116-22. Stimulating idea for a theatre shell
based on the tore form, and surrounded entirely by water. Plans
and section of a project. Text in four languages.
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Notes:
Verlag Karl Kramer, in Stuttgart, has recently published an issue
of the periodical f~rchitectural Competitions' devoted exclusively
to the significant competitions for theatres at DUsseldorf and
Essen. /Theater-Wettbewerbe Dlsseldoff und Essen (Heft 29, Archi-
tektur-Wettbewerbe). Stuttgart: Verlag Karl Kramer, 1960.
DM 12.80.7
2. The first annual conference of the Tnited States Institute for
Theatre Technology wilbe held Feb:uary Fourth and Fifth at the
Juilliard School of Music, New York. Panels are scheduled on
theatrical presentation, theatre architecture, engineering,
construction, administration, and publicption and reseArch material.
Further information is available from USITT, P. O. Box 291,
Cathedral Station, New York 25, New York,
1.
APPENDICES:
Material included in these next parts all is by
other authors, and it is included verbatim. It has
been put -here to simplify research for others.
Appendix A:
ARTICLES FROM THE ENCYCLOPEDIA BRITANNICA, 1937,
Section concerning THEATRE.
ARCHITECTURAL DEVELOPENT OF THE TEATRE BY SELDON CHENEY
In considering the form of the modern theatre building, its physical
aspect, and in .tracing the origins and development of that form from
the earliest known -theatres of Europe, the investigator does well to
keep constantly in niind the basic meaning of the word "theatre."
From the Greek, it means roughly "a place for seeing." In a short
survey of the subject it is not necessary to mention pre-Greek theatres,
beyond saying that there is no known connection between those of earlier
civilizations and the playhouse with which the history of drama in the
Western world is supposed to start -- the theatre of Dionysus at Athens.
Greek Theatre. The first Greek theatres, according to those who have
studied the subject most thoroughly, were little more than marked-out
dancing-circles, each around an altar, at the foot of hillsides on which
spectators stood or sat. From this natural form the first 'built'
theatres took their main outlines: a circle or 'orchestra' for the
chorus and'actor or actors, and rising tiers of wooden seats, built
against a hillside for the spectators. These seats extended usually
around two-thirds or more of the orchestra, since at this time dancing
or movement was more important than acting, and there was no stage for
the spectators to face. The type of the first built theatres is shown
in figure l.. It should be kept in mind, however, that in no period were
any two Greek theatires exactly alike, and exceptions to this general
type were common.
FIG. 2.-THE THREE-PART THEATRE
ARRANGEMENT OF SEATS, ORCHES.
TRA AND SKENE
FIG. 1.-PLAN OF GREEK THEATRE
OF EARLIEST TYPE
Taking the theatre of Dionysus as an example, one notes that the
temple of Dionysus Eleuthereus appeared in relation to the theatre
approximately as indicated in the diagram (all within the precinct
sacred to Dionysus on the south-eastern side of the Acropolis).
One conjecture is that the architectural form of this 6th century
temple helped to. determine the shape of the stage building which
was later to be added at the edge of the circle opposite the seats.
But the more widely accepted theory is that out of necessity a hut
or tent was added at the edge of the orchestra as a retiring-room
for the actors, for changes of costume, etc.; and that the stage
building was in all later ages an elaboration of this rude shelter --
dressed, inithe Greek period, with those beautiful architectural forms
with which the Athenians adorned all their important structures.
Just when this skene, became truly a stage building, with definite
and studied relationships to the orchestra and auditorium, is a matter
of conjecture. As a step in the development of the larger theatre form,
we may thinkcf the three parts of the theatre as developing gradually into
a set arrangement as shown in figure 2.
Here one sees the accretion of the three features that characterized
theatre building through many succeeding centuries: (1) auditorium;
(2) orchestra; and (3) scene, names which persist even today. But
at this time players appeared only in the orchestra, the scene remaining
an architectural background to the action and a practical retiring-
house for the actors, structuraLy separated from the auditorium, by
entrances or runways.
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Such was the theatre form when the 5th century B.C. dawned, and such
it remained, with only slight changes, in all probability, during the
period of Aeschylus, Sophocles and Euripides. The architectural fea-
tures and the. height of the skene are still only to be conjectured,
though recently excavated foundations at Athens indicate clearly the
plan and limits of an early stage building, wider than the dancing
circle and with ends projecting forward toward the auditorium.
Archaeologists have waged one of their bitterest battles over the ques-,
tion as to when the raised stage made its first appearance, but in the
"high" period of Greek drama it is now almost unanimously agreed that
there was no platform stage. The theatre at Athens hac, taken this
general form, with probably a portico at the front of the scene buildin;,
between the 'paraskenia' (figure 3).
In Greece the theatres were regularly built in hillside hollows, thus
avoiding any need to build supporting framework for the tiers of seats,
except perhaps at the ends of the "rings." The auditorium was broken
by up-and-down aisles with steps, into a number of wedge-shaped "segments"
of seats, and sometimes by one or more lateral aisles.
The student of later 'forms may profitably transfer his attention to a
point beyond the controversy about the introduction of the raised stage
to that time when there was, without doubt, an aLuxiliary platform for
acting. The' next well-differentiated type of theatre is that in which
the stage, building is characterized by a high narrow platform on the
audience side-, called at times- the 'proskenion' (from which our "pro-,
FIG. 3.-PORTICO ADDED TO FRONT
OF SCENE BUILDING
FIG. 4.-A PLATFORM ADDED AS
PART OF THE SKENE -
FIG. S.-PLAN OF TYPICAL ROMAN
THEATRE AS A STRUCTURAL UNIT
scenium" is derived), -and at other the 'logeion' or "place for speaking."
As acting has become more and more important, the .'skenet has developed
into a combined architectural background and platform for lifting the
actor into clearer view (figure 4). It is to be noted here that the
typical Greek separation of auditorium and scene building still exists,
although acting now is divided betweent he orchestra and a stage in our
later- sense. Through the late Greek and the so-called Greek-Roman
periods, the narrow 'logeion' doubtless went through a gradual widening
process.
Roman Theatre. The existing ruins of Roman theatres give absolute
evidence regarding the arrangement of the Roman stage and auditorium.
The two heretofore separate buildings have now been pushed together to
form one structure, which isnot, placed as in Greek times against a hill-
side hollow, but is erected as a free-standing building supported by arch
construction; the orchestra has been contracted to a half-circle, and is
now added to the seating space; and all the acting is done on a platform
stage, behind which the greatly enlarged 'skene' and 'paraskenia' rise,
with rich architectural ornamentation, to a considerable height. The
type plan is shown in figure 5. A special type of theatre with wooden
platform stage, for comedies, 
-as shown in many extant vase paintings,
is disregarded here as having little or no influence on the traditional
or .persisting form of theatre.
In the Roman theatres there were no built-in facilities for scene changing,
and it may be assumed that in general there was no painted scenery and no
effort to indicate change of locality, though elaborate "stage machinery"
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for trick effects, apparitions, etc., is described by contemporary
writers. In general, the architecture of the stage wall was the
"scene." This wall was regularly pierced by five doorways, three.
at the back and one in each of the 'paraskenia'. The large centre
door was th6 "palace entrance."
All Roman provincial towns of any importance possessed at least one
theatre and many of these are partly preserved. Covered theatres
were sometimes built. whether on account of climatic conditions (as
at Aosta) or more commonly for musical performances. These latter
were generally called Odea (a place for singing). The best preserved
is the Odepxm of Herodes Atticus, at the south-west angle of the Athenian
Acropolis, which has a semi-circular orchestra. It was built in the
reign of Hadrian by Herodes Atticus. Its cavea which is excavated in the
rock, held about 6,000 people; it was connected with -tbe great Dionysiac
theatre by a long and lofty porticus or stoa of which considerable
remains still exist, probably a late restoration of the stoa built by
Eumenes II. of Pergamum. It was also a common. pract'e to build a small
covered theatre in the neighborhood of an open one, where performances
might take place in bad weather. We have an example of this in Pompeii.
The Romans used scenery and stage effects of more elaboration than did
the Greeks. Vitruvius mentions three sorts of movable scenery: (1) for
the tragic drama, facades with columns representing public buildings;
(2) for comic plays, private houses with practicable windows and balconies
such as are shown on Graeco-Roman vases of the latest type, with paintings
of burlesque parodies of mythological stories, and (3) for the rustic
scenes in the satyric drama, with mountains, caverns and trees.
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Renaissance Theatre. The classic theatres were discussed after
Roman civilization faded, but it was the classic theatre that deter-
mined the form of the playhouse built by the learned academies in the
cities of Renaissance Italy, and they were the links between the an-
cient theatre and that of today. At Vicenza, the Renaissance theatre
of the Olympian academy, sometimes called the Palladian theatre after
its famous architect, still exists, with all its distinctive architec-
tural features and ornament intact. It is, in effect, a small Roman
theatre roofed over and made more compact, with typical Renaissance
modification of Roman motifs in the decoration. The stage wall is hea-
vily encrusted with architectural ornamentation and statuary, and the
five classic doorways are in orthodox position. One addition, made by
Scamozzi in 1585, links this classic stage with the theatres of later
times. In that year were constructed the vistas or "perspectives" be-
hind the five doorways of the stage wall, forming the earliest "make
believe" scenes that have been preserved for posterity. (Already the
mystery and miracle stages had in cases been characterized by a combi-
nation of half-formed architectural "stations" and realistic lodalized
scenes like the famous "Hell-mouth"; and the court masques were being
staged with picture scenes, including the "perspective" type.) The
Roman-type building and the added vistas'at Vicenza form a plan as
shown in figure 6.
The picture scenes were not yet designed as localized backgrounds for
the action so much as an added spectacular attracticn, in the Italian
masques, and at first the "new style" settings had little effect on the
form of the classic-revival playhouses; but the appeal of such pretty
I!
FIG. 6.-PLAN AND STAGE WALL.OF THE THEATRE OF THE OLYMPIAN ACADEMY. VICENZA. ITALY: SOMETIMES CALLED THE PALLADIAN
THEATRE AFTER ITS FAMOUS ARCHITECT. ANDREA PALLADIO (1518-1580). IT PRESERVES THE ROMAN FORM WITH THE FIVE CLASSIC DOOR.
WAYS AND PROVIDES FOR INTRODUCING SCENERY (NOT AS YET CHANGEABLE) . 0 i
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playthings could not be long denied, and the modern playhouse emerged
where the two currents met. Thus the Palladian theatre at Vicenza
takes on double importance as historic evidence: (1) as preserving the
Roman playhouse form, including the rigid architectural stage; and
(2) as providing for introduced "scenery" (not yet changeable). The
backgrounds of the Roman and Palladian Renaissance stages are shown
in figure 7. There are extant. plans which indicate that certain
artists of the time, trying to think through to a- more practical cobi-
bination of the classic stage with provision for pictorial backgrounds,
saw a means in the widening of the central "palace" doorway to provide
acting space within the "vista." Thus Inigo Jones made a plan and an
elevation similar to those shown in figure 8. And the theatre at Sab-
bioneta (of which the scene unfortunately no longer exists) showed the
whole stage as one narrowing vista (1588); see figure 10.
The next step is illustrated in the playhouse that is usually called
"the first modern theatre,." the Teatro Farnese at Parma (1618 or 1619),
diagram of which is shown in figure 9. Here the entire stage may be said
to have been pushed through the central doorway of the old stage wall,
the ornamentation of the Roman skene remaining only as decoration of
what is now the proscenium arch. The stage within is curtained off
from the auditorium (figure 9A) and is thus adapted to changing pictorial
settings. From this time on the curtained stage and proscenium arch are
unfailing features of the theatre. The plan of the Farnese-theatre is
particularly interesting, too, as'showing the entry of another influence
into the shaping of the auditorium: instead of a semicircular bank of
seats, as illustrated in the diagrams so far, the auditorium is U-shaped
FIG. 7.-BACKGROUND OF'THE ROMAN STAGE SHOWING THE NARROW CENTRAL "PALACE" DOORWAY WHICH WAS MODIFIED IN THE
RENAISSANCE THEATRE. AS SHOWN IN FIG. 6. TO PROVIDE A MORE EXTENDED "VISTA'
T ONLY TO GIVE A PICTORIAL BACK.FIG, .- PLAN AND ELEVATION BY INIGO JONES OF A WIDENED CENTRAL "VISTA," DESIGNED NO
GROUND BUT TO PROVIDE ACTING SPACI WJTHIN THE "VISTA" .
FIG. 9.-PLAN AND ELEVATION OF *THE FIRST MODERN THEATRE* (1618-19). THE TEATRO.FARNESE AT PARMA, ITALY. (A) SHOWS
THE STAGE CURTAINED OFF FROM THE AUDITORIUM. (3) THE U-SHAPED AUDITORIUM. A .NEW INFLUENCE IN THEATRE DESIGNING
FIG. 10.- PLAN OF NAR.
ROWING VISTA. THEATRE
(1588) AT SABBIONETA,
ITALY, BUILT BY SCOM.
OZZI
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(figure 9B). This influence entered because the masques and court
plays had been produced largely in ballrooms or banquet-halls, whete
one end of the hall had been reconstructed for an auxiliary stage,
the main floor left free for dancing, or as in an "arena" for pageantry,
etc., with the spectators ranged around the three sides away from the
stage, perhaps in chairs on temporary platforms, perhaps in balconies.
Architects combining this U-shaped auditorium with the curtained pro-
.scenium -frame stage soon determined the theatre form that was the basic
plan of the famous horseshoe auditorium (fig. 11).
It was this Italian plan that became the standard of theatre building
throughout the Western world, conquering successively t ae French courts,
the courts of Austria, Bavaria and other countries to which the Italian
Renaissance influence extended, then England (where the Elizabethan
theatre form was cast aside - having only the slightest influence after
the Restoration), and indirectly America. "Scenery" was soon standardize4,
so that the wings and backdrop restricted the playing space to a wedge-
shaped section of the stage floor; and the auditorium lines roughly
followed the lines formed by the edges of the wings (figure 12). This
picture scene persisted through two and a half centuries, with ever greater
elaboration, demanding larger and larger stages; and the auditorium half
of the building kept its many galleried horseshoe plan. With variations
toward rounder or narrower auditorium, the general form persisted until
late in the 19th century, from smaller court playhouses to immense opera
houses.
HORSESHOE-SHAPED AUD-
ITORIUM
A B c
FIG. 12.-PLANS SHOWING TYPES OF THEATRE DESIGN USED FROM
MIDDLE 17TH TO LATE 19TH CENTURY: (A) DRURY LANE, LONDON, (B)
THEATRE-FRANGAIS. PARIS (1790), (C) LA SCALA (1778), MILAN
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At first the arena portion of the auditorium was merely a flat floor,
and consequently the bost seats were not there but at the front of the
first balcony; and almost throughout the period of the horseshoe theatre;
the main floor sloped but slightly, thus allowing three, four or five
superimposed balconies or galleries.
Modern Theatre. The main changes in the construction of the 20th cen-
tury theatre have been the exclusion of all but one balcony, and the
steeper tilting of the main floor, thus throwing the best seats into the
orchestra. Even to-day, however, -in France and Italy, where the 17th-18th
century theatre form stubbornly persists, the orchestra is contracted, and
the more expensive seats are inihe slightly raised ring of loges and the
first balcony above.
During the 19th century there were efforts to reform the "picture" scene,
and with it the horseshoe auditorium, which almost invariably had possessed
the disadvantage of providing a considerable number of seats, at the gal-
lery ends, which had a poor view of the stage. The first attempts of im-
portance to design a more democratic type of theatre, and one in which
"sight-lines" would more logically determine the form occurred in Germany.
The Festival theatre at Bayreuth is the most noteworthy example, greatly
antedating the present general movement toward the fan-shaped auditorium.
Its main outlines are shown in figure 13.
The impulse was taken up by Max Littmann, the most notable theatre archi-
tect of the century-end; his Prince Regent theatre and Ktnstlertheatre in
Munth, and his Schiller theatre in Charlottenburg, Berlin, all with simpli-
FiG. 13.-MAIN OUTLINES
OF FESTIVAL THEATRE AT
BAYREUTH. AN ADVANCE
IN "SIGHT-LINES"
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fied banks of seats, had great influence in both Europe and America.
Littmann experimented also with the proscenium frame in an effort to
adapt the theatre to the demands of modern stage lighting. More re-
cently architectural practice, particularly in Germany and the United
States, has come to the fairly standardized form that is shown in figure
14. Here -the architects restrict the horseshoe bowing-out, since the
scene is no longer wedge-shaped but more usually box-like, and the
auditorium is narrower in relation to the width of the proscenium open-
ing.' (In larger cities where ground-value is such an important conside-
ration, the commercial theatres are commonly built with wider proscenium
openings and wider auditoriums, but on the fan principle. Standard fire
laws impose the necessity for a certain number of aisles and adjacent
doorways, and have caused minor differences from the type as it developed
in Germany.) In general it may be said that the modern auditorium pre-
sents a single bank of seats, on a floor uniformly sloping or slightly
saucer-shaped, more. tilted than during the horseshoe period, and restricted
at the sides along lines determined by the edges of the proscenium open-
ing. There is usually a single balcony, with a steeply sloped flcor,
at the rear. There are seldom boxes, (unless at the back of the orches-
tra); and modern engineering and steel construction make it possible to
dispense with pillars and posts. The outline plan is not unlike the plan
of the arena or pit portion of the many-galleried opera houses, with the
surrounding galleries sliced off. Along with this simplification of plan
there has been a general simplification of decoration.
FIG. 14.-TO SHOW STANDARDIZEC
FORMS OF MODERN THEATRE
B
FIG. 15.-EXAMPLES OF FLOOR PLANS FOR MODERN THEATRE BUILDING:
(A) THE LITTLE THEATRE, NEW YORK: HARRY C. INGALLS AND F. B.
HOFFMAN. JR., ARCH'TS.. (B) VOLKSBUmNE (PEoPLE'S THEATRE).
BERLIN; OSKAR KAUFMAN. ARCH'T
A
Milo=
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Two examples of 20th century theatre building may be considered typical
of progressive practice (figure 15). The more radical experimenters
have already called for the scrapping of the entire proscenium-frame
house, and a return to the principles which determined the theatre form
before "picture" scenes were introduced - with reference, however, to
modern lighting advanc s. It may be assumed that some such change will
come shortly, and that the return to an architectural stage will demand.
radical changes in auditorium construction. But as yet the several
theatres built with formal stages, without proscenium arch, are too dif-
ferent, and their advantages too tentative or too special, to warrant
any generalization beyond the proscenium-frame house illustrated above.
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MODERN THEATRE EXTERIR3 ND INTERIOrS BY JOSPEH URTBAN
The theatre, with its special restrictions, naturally calls for special
architectural treatment. The peculiarly public nature of dramatic art
stamped one primary requirement on theatre architecture long before the
advertising mania of the present age appeared to reinforce it: it must
attract attention and its function raust show in outer aspect.
The essential architectural beauty of the exterior of a theatre must come
not from decoration but rather from the massing of those portions of the
walls which reveal the three essential inner parts of the playhouse - the
stage, the auditorium and the foyers.
Importance of Site. The art of theatre building has reached its height
in Europe where every period developed and perfected its own rich style
of architectural expression, and where the conditions of life in the
larger cities permitted the theatre to attract attention to itself and
its structure through appearance of three or four facades. In Europe
a theatre was izually built on a wide street or square - the Paris Opera
House (Ch. Garnier, arch.); the Schauspielhaus in Berlin (Carl Friedrich
Schinkel, arch.); the Champs Elysees, Paris (A. and G. Perret, archs.),
Staatsoper, Vienna (Van der Null and von Siccardsburg, archs.); or the Prinz
Regenten theatre in Munich (Max Littmann, arch.) - or even in a park, as
in the case of the twin State theatres of Stuttgart (Littmann, arch.), and
many others. Everywhere we find that it is growing more and more difficult
to find such ample and predominant sites in the larger cities on account
of the high value of land, the lengths of blocks, and the type of buildings
FROM AMERICAN ARCMITECT-
PLAN OF THE SHAKESPEARE MEMORIAL THEATRE, PRIZE WINNING DESIGN
IN THE PROCESS OF CONSTRUCTION IN STRATFORD:ON-AVON, ENGLAND
FROM SEXTON AND ETTS, "AMERICAN THEATRES Of TO-DAT' (ARCHITECTURAL OOK PUN-LISHING CO.)-
PLAN OF THE EASTMAN THEATRE. ROCHESTER, N.Y., DESIGN$6 BYGORDON AND KAELBER, ARCHITECTS, AND MCKIM, MEAD AND WHITE,ASSOCIATE ARCHITECTS
- 13 -
dominating the view. Difficult conditions reach their acme in New York.
The Metropolitan Opera House (Cady, Berg and See, archs) alone occupies
an entire block. The Radio City Music Hall, which is reputed to be the
largest theatre in the world, with a seating capacity of approximately
6,206, is situated in a relatively inconspicuous place in the group of
buildings which constitute Rockefeller Centre. In London among many
examples showing one facade only there are the new Carlton theatre (F.
Verity, arch.), and the Fortune theatre. The theatre architect in all
countries has now usually only one facade available to tell the story
which two, three or even"four told in the past.
Modern Conditions and Restrictions. The architect limited tocne facade
facing a narrow street, has found it hardest to show in the outer form
of his building the anatomy that lives within. Yet even under these
conditions the Guild theatre (C. Howard Crane' and Kenneth Frazenheim,
archs.) manages to mark off handsomely the stage-house like an Italian
brick tower above the stucco front of the lower auditorium.
Congestion and fire regulations play particular havoc with theatre
architecture, yet several more or less successful attempts have been made
to combine necessity with beauty. In the bold Martin Beck theatre (G.
Albert Lansburgh, arch.) and inihe charming Music Box (Crane and Franz-
heim, archs.) the inevitable fire-escapes required by law find a pleasant
hiding place within porticoes. The Henry Miller theatre (Paul R. Allen
and Harry Creighton Ingalls, archs.) conceals unsightly alleyways --
again required by law -- within its Georgian walls. The law does not ie-
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quire the builder of a theatre to protect his patrons from the rain while
they wait for taxis and motor-cars, yet the marquee becomes inevitably
one of the most important items of the facade, unless an arcade or por-
tico has been designed to protect the waiting crowds.
Electric Signs. The worst problems of the architect who builds theatres
in a great city come from the primary requirements- of such a building --
that it must be seen and tell its story at the greatest possible distance.
The set-back laws, new treatments of L-shaped, U-shaped, or H-shaped
courts in front of tall buildings, and the enormous height of the uky-
scrapers make period fronts on three or four-storied theatres an insuf-
ficient and even ridiculous attraction against the gigantic, varied and
vital proportions of the neighboring buildings. To compete for visual
notice under these conditions, the theatre owner turns to enormous elec-
tric signs, and blankets the facade behind flashing bulbs and painted tin.
London examples of good exterior lighting arrangements are the Plaza
theatre (F. Verity, arch.), and the Astoria cinema (E.A. Stone, arch.).
The modern architect has to consider as the main requirements in the ex-
terior design of theatres three things which the architect has never
before had to deal with. These are electric advertising signs, fire
escapes and marquees. Not unitl we have made these necessities a part
of our architecture, not until these necessary evils have been fused
into a thing of beauty and have formed their own architectonic style and
exprespion, cah we haope for a new, adequate and handsome theatre facade.
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Type of Entertainment Determines Type of Auditorium. Each type of
dramatic entertainment -- including the motion picture -- demands
its own type of auditorium. In the ancient world the Greek theatre
developed along lines suited to drama and comedy that employed large
choruses, while in Rome something nearer the modern stage came into
being as the chorus disappeared. Unfortunately the theatre archi-
tect of to-day is much too uncertain of the type of entertainment
which will ultimately make use of his creation. He may intend the
building for popular melodrama, but financial misfortunes may turn it
over to motion pictures or to musical revues. It is only in the smalhe
communities that a theatre should be built for general usage, and some
compromise arrived at which will suit both stage and auditorium to al-
most any kind of entertainment.
The Motion Picture House. In a motion picture theatre, -where the at-
tention of the audience is concentrated on a silver screen ardon figures
of actors that are well over lifesize, the auditorium may be very deep
without incommoding the spectator. On the other hand, it must not be
too broad or .too high, fbr that would distort the appearance of these
two-dimensional figures on the flat screen. The mass of the audience
must be concentrated in the centre and placed' on two main floors. The
theatres. that carry this out most notably are the Marmorhaus, Berlin
(Hugo Pal, arch.), the U-T Theater, Berlin (Fritz Wilms and Max Bischoff,
archs.), the Captol theatre, New York (Thos. W. Lamb, arch.), the Roxy
theatre, New York, the Plaza theatre, London, the Empire theatre, London,
The Piccadilly theatre, London.-
The Revue Theatre. The theatre intended for the use of the big
musical revue is rather closely related to the moving picture house,
though it, too, has its peculiar requirements. Here the main in-
terest lies in the stage picture, the beauty of costumes and scenery,
and so a large auditorium is possible. Care must be taken, however,
to avoid too great a depth, for comedy scenes and solo singing demand
more intimacy and a closer view of the performer than in the case of
the motion picture. Here it is of great importance that the height
of the seats in relation to the stage floor shall permit everyone in
the house to see .the feet of the dancers. For the revue house, as
well as for any theatre, that is not used on the one hand, for the
motion picutre, or on the other for the strictly realistic, peep-show
type of drama, the architect must take great care to avoid anything
in the proportions of stage and auditorium that may indicate a sepa-
ration between the actors and the spectators. He must strive to use
every means for uniting both groups in close spiritual contact.
rThe realistic play of the type which presupposes the presence of a
fourth-wall between the actor and the audience has set special prob-
lems for the modetn architect. Hitherto he has solved these as per-
fectly as possible -- and, of course, by the very nature of the case
he has not achieved anything exhilarating, notable or trply theatric.
In the main he has had to restrict himself to a small auditorium and if
he sought larger capacity, a single balcony hung far out over the or-
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chestra floor. He has done away with boxes as obtrusions between the
audience and the picture frame. And this picture frame has become
a definite and complete separation between the audience and the actors.
In decoration he has been forced to subdue the colour of his audito-
rium so as to leave the audience in peep-show darkness while the play
goes on. Two of Ingall's playhouses in New York, the Little theatre
and the Henry Miller, meet these stultifying conditions as well as
they can be met.
Problems of Site and Seating Capacity. Within the limits of the
particular piece of land on which he has to build, the architect must
work out as large a seating capacity, and as roomy and convenient an
arrangement of stage, dressing rooms, and foyers as possible. Where
the site is rectangular the problem is comparatively simple, but where
the site is irregular it is often difficult to accommodate the audi-
torium and stage.
The architect has generally to secure the largest seating capacity
possible on a given site. Usually this has meant widening the stage
and still further widening the fan-like auditorium until only revues can
be properly presented. The architect plans one very large, overhanging
balcony because the higher prices that can be charged in a balcony,.
compared with a second balcony or gallery, more than make up in finan-
cialcapacity for the greater number of seats that a double-decker ar-
rangement provides.
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Occasionally the architect tries some new method of getting a large
but intimate auditorium on a piece of property of restricted size.
A popular method is to place the stage in one corner of the site in-
stead of along the back, and then to throw the auditorium diagonally
across the lot. Though this arrangement is better suited to the al-
most stageless motion picture theatre., it, has been used in a "legi-
timate" theatie, the Ambassador, New York (Herbert J. Krapp, arch.).
Among the large motion picture houses with well-equipped stages which
have also utilized this seating plan are the Paramount theatre, Palm
Beach, Fla. (Joseph Urban, arch.), the Bondi theatre, Sydney, N.S.W.
(C. Bohringer, arch.), "the Majestic," Leeds (Messrs. Skinlet and Max-
well, archs.) and the Roxy, New York.
Auditorium Shapes. The shape of the auditorium itself, which used to
be invariably a horseshoe, is now most apt to take the form of a fan
with convex sides curved in towards the front and rear. An elliptical
form has been tried with good decorative effect in the theatre of the
Carnegie Institute of Technology, Pittsburgh, Pa. (Alden and Harlow, ar-
chitects) and in the Ziegfeld theatre, New York (Urban and Lamb, archs.).
The New Cinema, Portsmouth (A.E. Lutte, arch.) is also a good example
of this type. The fan with straight sides and a wide splay was used
in the Beyreuth Festspielhaus (Manfred Semper, arch.) where the boxes
are located in a straight row across the back of the theatre and the
"diamond horseshoe" of boxes eliminated.
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LONGITUDINAL SECTION
OF THE ZIEGFELD THE-
ATRE (TOP). PLAN OF
BALCONY (CENTRE). AND
OF TH E ORCHESTRA
(BOTTOM), DESIGNED BY
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PLAN OF THE BAYREUTH FESTSPIEL-
HAUS. MANFRED SEMPER, ARCH'T.:
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Visibility. A problem of theatre construction which has not had
as complete a study and formulation as it deserves is the line of
slant in auditorium floor and balconies in' relation tothe height of
the stage. The essential aimed- at is the most perfect visibility
from every seat in the house. One of Germany's theatre reformers,
Littmann,*in a desire to give the last row as clear a view as the
first, prescribed a very steeply slanting floor,but made the grave
mistake of making it merely a straight inclined plane. The result
was that the front rows suffered from the feeling of looking down a
narrow tunnel. The better method, which is generally followed to-
day, is to begin with little or no inclination at the front, and then
to increase this radically towards the rear. The slant of the audi-
torium floor is not so restricted, and can be worked out freely to
give the whole auditorium a complete and comfortable view of the actors
upon the stage. It is often very badly handled.
The slant of the floor and the arrangement of the balconies bring out
many interesting possibilities. Krapp combined the "bleacher," "stadium,"
and "single balcony" types in a so-called "arena" arrangement used ex-
perimentally in Chanin's Forty-Sixth Street theatre, New York, and
better worked out in another Chanin playhouse, the Majestic, New York.
The purpose is to get a very deep orchestra floor by running the en-
trance foyers under its steeply slanting .rear. The Guild theatre, New
York, (on a suggestion by Norman-Bel Geddes) managed to place its roomy
lobbies under the auditorium without raising the latter so far above the
street as to bring it into conflict with the fire regulations,
E
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PUSLISNING Co.)
LONGITUDINAL SECTIONS OF VA.
RIOUS TYPES OF THEATRES
A. One floor type, B. Bleacher type,
C. Stadium type, D. Single balcony
type. E. Baleony-mozanine type -
v
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German Seating Arrangements. In most countries fire laws have pre-
vented the wider use of arrangement of the seats themselves which has
found general popularity in Germany. This arrangement abolishes the
aisles dividing the floor into sections, and the seating of the audience
in one unbroken mass of solid, continuous rows from wall to wall. Ade-
quate entrance and exit are obtained by spacing the rows a little wider
apart than in the ordinary arrangement, and making the walls of both
sides of the auditorium a succession of doors emptying into the lobbies.
The effect of this arrangement is that the spectators are seated in one
solid mass. An equally important consideration -- which should argue
a change in fire regulations -- is that a house seated on the German
model can be cleared in half the time it takes an audience to press into
and up the ordinary narrow aisles. This German seating arrangement has
been used with success in the Kenneth Sawyer Goodman Memorial theatre,
Chicago (Howard Shaw, arch.), which happens to be located outside the
jurisdiction of the Chicago fire commissioners.
Stage Lighting from the Auditorium. The stage arrangements, except
as to adequate dressing rooms, property rooms, and scene stacking space,
are matters for the theatre technician -- scene designer, electrician,
etc.-- not the theatre architect, athough the architect should see that
there is ample space allowed. Something should be said, however, on
,one point connected with lighting arrangements; this is the necessity
of providing room in the auditorium for the placing of lights for the
illumination of the stage and the actors.' In 1914 Granville Barker
introduced at Wallack's theatre in New York a row of powerful incan-
descent lamps around the balcony rail to replace the footlights. David
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Belasco took the next stop for-ward by installing such lights in a re-
cessin the balcony rail closed by doors automatically controlled from
the stage switchbcard. Some such provision, or perhaps a light bridge
concealed in the ceiling beams, as in the Yale University theatre, New
Haven, Conn. (C.H. Blackall, arch.), or the Guild-.theatre, New York,
ought, to be a part of every architect's plan of a new house.
Decoration. The decorative problem within the auditorium has found
many solutions, depending on the kind of dramatic entertainment to be
presented. The modern decorative movement towards larger, smoother.and
less ornamented surfaces has its peculiar applicability to the play-
house, where the eye should not be distracted from the players by too
ornate detail. Yet there is something undeniably exciting and truly
theatrical in. the rococo interior of the Residenz theatre in Munich
(Cuvillies, arch.), and Oskar H. Kaufmann, beginning with a rigid sim-
plicity in the Volksbuehne -and other hotises in Berlin, has had delight-
fully amusing recourse to the Chinese baroque for the Theater am Kur-
fuerstendamm and the Komoedie also in Berlin. The limitations and the
values of.decoration depend, after all, on the interpretive genius of
the architect.
The new attempts to break away alike from the old horseshoe opera
house and the realistic peep-show theatre all look back for their
justification to the history of the development of playhouse architec-
ture and borrow heavily from the past.
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Development of the Opera House. Following the Fall of Rome and the
d.ecline of the classic culture,the classic theatre disappeared save
for-a renewal of some of its form and spirit during a few brief
decades of the Renaissance. The theatre, and especially the early
opera, supposed ironically enough to be founded on classical tragedy,
became a mere excuse for brilliant court festivity. As a result of
the desire on the part of the audience to be observed by one another,
good visibility for the stage suffered. The style of the popular
Italian opera predominated. The singers delivered their important
arias as close to the prompterb box as possible, while the chorus
stood practically inanimate. Contact between the stage and the'
auditorium disappeared and with it the spiritual union of performers
and audience. Good acoustics and a brilliant social display were the
demands made upon the Baroque theatre. The decorative style of
auditorium with its heritage of richness of the Renaissance and the
charm of the rococo had originally been a thing of gorgeous, festive
yet graceful beauty.
In the course of years it added to the pernicious Italian shape new
horrors of decoration and became that horrid overladen gold-and-
plush spectre of its former self of which unfortunately we still see
examples.
Toward the latter part of the nineteenth century, however, came evi-
dence of change and reform. Splendid acting was increasingly in demand
and rich settings and appropriate historical costumes were considered
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essential to enhance the beauty of operatic music'. The problem o,f
displaying these adjuncts began to make even the architects of the
opera houses see that their art had reached a standstill and that
some attempt had to be made to recapture the spirit and some of the
form of the classic stage. Their efforts were partly compromise.s
in the shape of the auditorium, partly a simplification of the
baroque theatre following the more serious and less social tenden-
cies of the legitimate theatre.
The reform dates from the work of the Sempers in mid-Victorian days
and is punctuated with March's FesbUhne for Worms in 1887. The at-
tempts at a new type of auditorium seldom aim at a direct return to
the classic but only to one of its descendants, the Shakespearian
stage. Already the results in projects and even a few completed play-
houses have been notable.
The Circus Theatre. Steele MacKaye, actor, playwright, artist,
director, and inventor, was the first to produce a notable plan for
a circus-theatre. In 1892 he had almost completed in Chicago as part
of the World's Fair a remarkable structure called the Spectatorium.
Like so many efforts at the "theatre of the 10,000" it strove to
gather together the huge audiences of Greek days and to bring them
into close contact with all the possibilities of the stage. MacKaye
devised a means of bringing his actors and choruses up from under the
audience through steps in the orchestra pit. He invented a proscenium
opening that could be made wide or narrow, thin or deep. He provided
PLAN OF STEELE MACKAYE'S SPECTATORIUM-THEATRE DESIGNED TO SEAT
TEN THOUSAND PEOPLE AND TO INTRODUCE SLIDING STAGES. A LIN.
OLEUM CYCLORAMA AND MANY OTHER MODERN STAGE REFORMS
FROM ZUCKER, "THEATER & LICHTSPICLk
HUSER (WASMUTH)
FLOOR PLAN OF SECOND AND THIRD
BALCONY OF THE GROSSES SCHAU-
SPIELHAUS, BERLIN. DESIGNED BY
HANS POELZIG, ARCHITECT
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a crescent-shaped stage with scenery sliding on tracks. This stage
could be flooded with water. He closed in the back of his semi-
circular stage with a linoleum cyclorama. He invented cloud machines
for projecting moving clouds on the sky. There were few reforms
of modern stage technique that this remarkable man did not fore-
shadow in this project, which the American financial panic of 1893
arrested when only half built.
It was along the lines of this MacKaye theatre that Max Reinhardt
built when he developed his performances of Greek tragedies in circus
buildings into the finally realized Grosses Schauspielhaus in Berlin
(Hans Poelzig, arch.). Here he came close to the true conditions of
the classic stage, with the actors appearing on a semi-circular or-
chestra floor almost in the midst of the spectators, and then retreat-
ing up steps to a completely equipped stage with sky-dome, revolving
stage, and all the modern appurtenances. The son of Steele MacKaye,
Percy MacKaye, realized many of the values his father had planned in
his open air performances of "masques" at St. Louis, New York and Cam-
bridge, Mass., between 1912 and 1927.
Copeau's Theatre. At the opposite extreme in size, Jacques Copeau
created in the Theatre du Vieux Colombier, Paris, a playhouse which
united the actors on a naked architectural stage with an audience
seated within auditorium walls that continued back unbroken by an pro-
scenium to m'ake the walls 6f the stage itself. The Theatre du Marais,
Brussels (Loyis Jouvet, arch.), and other projects were offshoots of
this pattern.
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Non-Realistic Theatres. The stimulus of trying to give Shakespeare's
plys as he wrote them and not garbled and condensed to fit the modern
realistic theatre has resulted in a number of attempts to revive the
conditions of the Shakespearean stage on the -stage of an ordinary
theatre. This has brought back canvas make-believe,-the portals of
proscenium doors which all English theatre rejoiced in a century ago.
First merely represented as part of the scenery, these means of link-
ing the actor and the auditorium have now been built into the actual
prosceniums of many new houses, especially in the "little theatres"
built here and there about the United States. Some such theatricalizing
of the stage.is present in the Werkbund Theatre, Cologne (Van de Velde,
arch.), with its tripartite division of the stage, and in A. and G.
Perret's and A. Granets theatre in the Arts Decoratives exhibitien in
Paris. But certainly the handsomest playhouse of the formal and ultra-
theatrical sort is the Theatre in der Redoutensaal, Vienna (Sebastien
Heinrich, arch.), a stage with permanent walls, but no proscenium or fly
gallery, set down in a ballroom of Maria Theresa. From productions in
this house Reinhardt turned to the rejuvenation of a lovely old Viennese
theatre, the Josephstaedter, and then created in Salzburg inthe Reitschule
a non-realistic playhouse which he hopes finally to replace by a magni-
ficent, neo-classic festival theatre from the plans of Poelzig.
Radical Projects. Radical designs,, which are as yet largely projects,
include those of the distinguished American pioneer architect, Frank
Lloyd Wright. Norman-Bel Geddes has devised a remarkable theatre with
SECTION AND PLAN OF THE REIN.
HARDT THEATRE. NEW YORK CITY.
DESIGNED BY JOSEPH URBAN,
ARCHITECT
FROM WASMUTH, "MONATSHIFTg FUR *AUKUNST*
PROJECT OF A CIRCULATORT STAGE IN
STRNAD, VIENNA
A THEATRE. DESIGNED BY OSKAR
Sae C WASMUIN, .NONATUMsFTN F DEs BAUKUNSTA
SECTION OF A TNEATRE DESIGNED BY OSKAR STRNAD, VIENNA
PLAN OF THE THEATRE GUILD THEATRE. NEW YORK CITY, DESIGNED BY
C. HOWARD CRANE, FRANZHEIM AND BETTIS. ARCHITECTS
NORMAN BEL GEDDES THEATRE
This' theatre provides for a stage and
auditorium both under one domed
roof. The triangular stage In the
lower right corner sinks Into the
basement for changes of setting
- 26 -
the stage in one corner, the whole auditorium and playing floor surrounded
by a single dome of light. ie has also devised a long rectangular
playhouse with the action passing on a stage stretching down the middle
from end to end, and with the audience on both sides, as well as a cir-
cular playhouse with the stage in the centre, a scheme suggested by
Robert Edmond Jones's project for Shelley's The Cenci in a prize ring.
Variants on the usual relations of stage and audience are many, including
a scheme by Friedrich Kiesler for two opposing auditoriums sharing the
same stage. One of the most remarkable is Oskar Strnad's circular thea-
tre with the audience seated in the centre and the big ring of the re-
vovling stage coming into view a segment at a time.
Out of all these attempts and projects, a really healthful new theatre
is slowly but surely evolving. IT WILL NOT REACH ITS FULL MATURITY
UNTIL ACTORS CAN ENTR NATURALLY AND EASILY FROM THE AUDITORIUM AS WELL
AS FROM THE STAGE AND STEP DOWN FBOM THEIR OWN LEVEL TO THE LEVEL OF THE
SPECTATORS. WHEN EVERY DIVISION BETWEE1N THE WORLD OF THE ACTORS AND TE
WORLD OF THE SPECTATORS IS ELIMINATED, AND WHEN THOSE WHO GIVE AND THOSE
WHO RECEIVE ARE -- IN THE SPIRIT OF THE CLASSIC THEATRE -- ONCE MORE
SURRO'UNDiD BY THE WALLS OF THE SAME ROOMS, THEN AND ONLY THEN WILL IT
BE POSSIBLE TO MEET COILETELY ALL THE DEMANDS NOT ALONE FOR PROPER
ACOUSTICS AND PROPER VISIBILITY, BUT FOR PURELY SPIRITUAL PLEASURE
ACHIEVED WITHOUT HA1PERING PHYSICAL EFFORT.
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MODEN THEORY OF DESIGN
To the Greeks, the theatre was their most vital creative expression,
and they succeeded in achieving results that for "pure theatre" have
never been surpassed. They built them to look liketheatres and to
dignify what transpired within thea. The Greeks lived in an age of
imagination. Their knowledge of the material world was much more res-
tricted than ours. It was as uncharted to them as the universe is to
us, and life had a greater interest for them because of this mystery.
In this mood, they created their drama. Their tragedy penetrated the
mysteries of nature beyond the humdrum of ordinary life. Their comedy
was carried to an extreme .that, to our gradually neutralizing mind,
appears exaggerated and vulgar. Civilization has by degrees impoveris1ed
its audiences from an enthusiastic appreciation of extremes toward a
glorification of the commonplace mean.
We live in an industrial age. We should have theatres that belong to
our time, drama that voices this time. Instead, our theatre is secon-
dary. We exercise our emotions by reading daily papers, riding in auto-
mobiles, listening in on the radio, playing bridge and seeing mediocre
motion pictures. The -theatre. is a state of sham. The plays, the actors,
the scenery, all try to make audiences forget they are in a theatre.
The buildings themselves are made to look like office buildings, taverns,
museums, Renaissance palaces, Spanish missions or casinos. To plan a
practical theatre, the designer, architect, or engineer should possess
a knowledge of theatres, past and present, and of the latest experiments
toward the future,' with an experience in the theatre that would class iim
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with such specialists as are called upon to build our sky-scrapers,
suspension bridges.jadn subway tubes. In exterior design, the most
conspicaous elements, such obviously dominating features' as the elec-
tric. signs, the porte cochere, the huge cubical mass of the flying space
above the stage, offer problems of unusual contrast specifically in
theatre design.
Primarily, the theatre in this modern world, from every standpoint,
lacks style. Inside and out, it should be distinguished. It should
look and be "theatre," in its architecture, plays, acting or staging.
Theatres naturally vary in size,. requirements and class of entertainment.
The point of view of the artists engaged in the theatre should likewise
vary. The working parts of a theatre must possess the utmost flexibility,
must be alterable, in simple practical terms, from one persons's use of
it to another's, hampering experiment as little as possible. Until the
theatre, architecturally, becomes more flexible, the dramatist, pro-
ducer, designer, will continue to have difficulties in exploring new
forms. For any radical or improved or experimental idea, in dramati-
zation or staging, beyond what has been developed in the last 15 years,
the present stage is inadequate. It suffices for only a few types of
plays, and is completely impractical for any style out of this groove.
It is probably the most restricting theatre man has ever conceived.
New basic ideas of architecture will materially stir the imagination
of everyone connected with it. Instigate a type of stage of a three
dimensional order and see what happens in the actual creative work in
the theatre.
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To any student of the subject, the development of the theatre since
the Greeks shows gradual deterioration. The single item that has
most influ'enced these changes is the proscenium arch. There was no
arch in the Greek theatre, but by successive stages from that time to
the present, the arch idea has developed. Its two dimensional aspect
imposes an effect which is deadening, as compared. with the exhilaration
of an audience to look at a play through a proscenium arch than there
would be in asking them to watch a prize fight through one. At a
prize fight, although each individual looks into the ring from one
point of view, a more intensified atmosphere is gained by the sight of
the audience seated on all sides of the ring. In an art gallery,
looking at a piece of sculpture, you instinctively walk slowly around'
the object to view it from different directions, rather than merely
standing and looking' at it as you would a painting. The exaggerated
importance of the picture-frame stage of the past generation is un-
doubtedly due to lack of imagination of the minds working the theatre.
After all, the proscenium in its present maximum form has only existed
over one-fifteenth of the time that has lapsed since the theatre of
Dionysus.
In thinking of the theatre, we naturally begin with the stage. The
auditorium is built around the stage and a relationship must be main-
tained between these two major elements. In nearly all modern examples,
the stages are too small in proportion to the auditoriums. Half of the
audience is in a poor position to see and hear. The inadequacy. of the
stage is accepted as a matter of course, since the actors have sufficient
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space to move in during a performance. Actually, the part of the stage
that the actor utilizes during the playing af a scene is only about a
tenth of the total cube required for stage purposes. The off stage
space (to both sides and rear of the acting area) should equal three
times the floor space of the acting area in order to handle adequately
the changes of settings. In most modern theatres, it is not even equal
to it. The entrances and exits for actors, the facilities for handling
scenery, properties, and electrical apparatus are neglected correspond-
ingly. The flying space (above the stage) should be four times the
height of the maximum scene, but seldom is. The present-day stage does
nothing for the dramatist but cause him to worry as to how this or that
idea will be visualized in two dimensional terms, and this has gradually
reduced the actor to an immobile loud speaker. The last few years have
brought out various, mechanical features, such as the application of the
hydraulic, revolving, siding and turning-over principles for changing
part or all of the stage with its scenery; and a permanent plaster cyclo-
rama to replace the drop cloth painted to represent a sky, upon which
light of any colour can be thrown. But although all of these are im-
portant, they fail to get at the root of the difficulty, which is the
adjustment bf the style and proportions of the theatre to its uses and
needs while the building is being planned.
The auditorium should be designed so that everyone may enter easily,
reach his seat without annoying other people, sit comfortably, see and
hear everything on the stage. The best angle of vision between the
stage and the seats, because we are-most accustomed to it in everyglay
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life, is shoulder- height, yet in our theatres to-day, the best seats,
judging from the scale of prices, place the spectator's eye on a level
with the actorM' feet. Each successive row of seats should be at an
angle in relation to the stage, so that the spectator does not have to
peer between the heads of those in front of him.
The audience is the governing factor of drama. There can be no drama
without it. All the dramatist, director, designer. and actor do is to
project elements which will create a certain effect in the audience's
imagination. .A dramatic production has no significance until it is per-
formed in con'junction with its audience. This is why each type of play
sifts out its particular .audience. THE THEATRE TAKES ITS PLACE AMONG
THE ARTS WHEN THE AUDIENCE NOT MERELY WITNESSES A REPRODUCTION OF LIFE
AS IT IS OUTSIDE THE TH1EATRE, BUT TAKES PART IN AN EXPERIENCE THAT DOES
NOT EXIST ANYWHERE OUTSIDE THE THEATRE.
Suffering from the limitation that it is not a single-vision medium,
as that of painters, sculptors, poets, musicians, and architects, the
usage of the theatre is contradictory to what is accepted. as the ordi-
nary working procedure of an artist. The dramatist works in- a compo-
site medium-which is stage, actor and audience. The designer takes the
play and develops it for production in all its visual setting, costuming.
lighting. Finally the director, whose position is synonymous to that of.
the orchestra conductor but who uses actors instead of musicians, re-
hearses all of these elements into an unified performance. The dramatist
reaches his audience indirectly through the director, designer and actors.
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His work may be limited by these people, or his stimulation may inspire
them to develop his ideas further than he could have done alone. The
result, good or bad, is the very element that gives the theatre its
unique qualities, its advantages and disadvantages, over other forms
of expression.
The end we se'em to be going toward has a more plastic three dimensional
stage structure, formal, dignified and neutral, as a basis, its various
acting platforms inviting a variety instead of the cramped condition of
the present. Such a structure is designed for the playing of a sequence
of scenes of. diverse mood, locale and character, not imitative in geo-
graphical terms, but creative in dramatic terms, with emphasis on the
intensity of dramatic action and its projection to an audience. It will
give the impression..of being very solid and enduring, and will be com-
posed of a variety of levels, ramps, platforms, aprons projecting into
the audience, high stages towering to the rear, the whole achieving
pictorial qualities by the composition of actors on various levels and
their movements in conjunction with lighting. Portions of these settings
mdy or may not be changed to vary as a play goes on. Any adequate tech-
nique for staging plays should permit of a play being run off in any com-
bination or series of rhythms and not .destroyed by such crude makeshifts
as darkening the stage or lowering of the curtain to make changes in the
setting.
Theatres for motion pictures are bound to alter and become distinct from
theatres for plastic drama, and in the same way that screen drama is of
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necessity going to emphasize two dimensional vision, the stage drama,
as it develops away from the picture medium in a mental sense, will
likewise grow away from it in a physical sense and become decidedly
more three dimensional.
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MODERN TENDENCIES IN PRODUCTION ATD DIRECTION BY KENNETH MACGOWAN
At one -time or another the theatre has used some part of every method
of production that we so fervently hail -- or condemn -- as the last
word in modernism to-day, for in 25 centuries it has been all things
to all men. It 2has been religious and blasphemous. It has been as
noble as its god-heroes and as petty as its bourgeoisie -- whether of
Rome or London.. It has been fantastic and formal in the temples of
the living masks where men meet the gods throughout the East. It has
been minutely realistic. Back-in Greece, when someone painted wave--
lines on the 'beriaktoi," and thus let the audience know that it stood
by the- shore of the sea, the theatre was- expressionistic. A performance
of The Tempest on Shakespeare's open stage,with the sailors swarming up
the ropes into the canopy overhead, would have satisfied the construc-
tivism of Meyerhold And when Reinhardt puts Oedipus Rex into a circus
or gives Calderon's The Great World Theatre in a cathedral he is merely
imitating with conscious art the naive habit that the ancient theatre
had of playing cuckoo-wii.laying its eggs of art in amphdtheatres, chan-
dels, inn yards, bear-pits, tennis courts, market places, and court
ballrooms.
Enter the Regisseur or Director. Yet, in a narrow sense, there are
modern tendencies in the theatre -- two major tendencies, both founded
on a new attitude towards the complex business of getting actors to
speak lihes in an effective ensemble. The new attitude is seen in the
commanding presence of a director. Some one has always insisted that the
actors learn their lines, speak them with a certain skill, and walk
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where they will not trip over one another's heels or become entangled
with the properties. But the commanding director -- or regisseur --
is the notable contribution of the theatre of the past half century.
From Duke George II of the little German State of Meiningen -- who
fused supers into true mobs, put ceilings on box sets, and created the
first modern ensemble actin' in the middle '70s -- through Otto Brahm,
first master of naturalism at the beginning-of the 20th century, Max
Reinhardt, Brahm's disciple to begin with, then pioneer in every -form
of theatre from cabaret to cathedra. and little theatre to circus,
Meyerhold the Russian, who preached and performed the,"theatre theatri-
cal" -- from these masters on to the director of the tiniest cf commu-
nity theatres in some Californian town, the regisseur has taken his
place as the centre of the modern theatre. His business has been to
dominate, synthesize, and unify each production, and thus to bring forth
a single work of theatrical art instead of a histrionic accident.
Realism Versus the Theatric. Without the regisseur neither 'of the two
great schools of modern production could have developed. A single mind
was needed to shape the performance, set its character, give it its pace,
provide its atmosphere in scenery and Jights. It did not matter whether
the result was to be a realistic production or a production in which the
true theatricalism of the stage was to be liberated -- one creative
spirit had to dominate.
In terms of the past century, realism is a much older thing than the
theatric, although the theatric goes far deeper into the historic past.
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Realism is likely to dominate the stage as long as machine civilization
dominates life. It has already come to a fine perfection, and we are
more familiar with it than with the theatric. We have seen realism at
its height in Stanilslavsky of the Moscow Art theatre, and occasionally
in David Belasco or Basil.Dean. We have not seen much theatric acting
outside Russia and Germany. -In America and England th$ theatric and
imaginative movement has expressed itself largely in things of the eye --
in the scenery of the new stage-craft. The battle of Falism and the
theatric -- first with a common enemy, then with eac1O her -- can in
many ways be seen best through the activities of the regisseurs of scenery
the stage designers who have given it outward physical form. Nothing
but the theatre could harbour artistic tendencies so diverse. But,
though one is photographic and one is imaginative, both began in fierce
opposition to the theatre of Victorian days. The thing that both hated
in this theatre was- typified in its scenery, ugly, unillusive, accidental.
Thus two very different types of artists were leagued as allies. One
was the realist, like Belasco, who wanted solid, plausible rooms on
the stage. The othe\' was the man of imagination, like Gordon Craig, who
wanted beauty of something full of expressive artifice. There was a
little of each in the first great regisseur of the 20th century, Max
Reinhardt. Together, the realist and the artist of the imagination
banished the mechanism of the older stage. Theybanned false perspec-
tive and shallow pretence, muddy colour on flapping backdrops.
Realism triumphed first. It had the great dramatists of the day behind
it, and the mood of 20th century audiences. Maeterlinck and von Hof-
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mannstahl and d'Annuzio put up an anaemic front to Ibsen, Hauptmann,
Sudermann, Brieux, Pinero, Jones, and. Shaw. The regisseur developed
actor-s who could convey emotion by the quiver of an eyelash, and he
found ways to surround them with the solid world of reality.
Mechanical Progress. But how were the solid columns, weighty stair-
cases, well-braced walls to be moved? How were scenes to be shifted
quickly and economically? The problem was nbt alone a problem for .the
realistic producer, for when the regisseur put on Shakespeare the new
settings were solid, plastic, three-dimensional, and he had dozens of
these scenes and no long intermissicns in which to change them. The
answer -- the typical answer -- was modern machinery. America led --
for just a moment or two in 1888 -- when Steele MacKaye, regisseur,
actor, playwright, painter and mechanist, installed his double eleva-
tor stage in the Madison Square Theatre, New York, to shift scenety,
actors and all. The great bulk of mechanical reform, however, has come
from Germany, and dates from 1896 when Lautenschlaeger of Munich bor-
rowed the revolving stage from Japan. Other scene-shifting machines
from Germany include the sliding stage, which carries whole settings on
great wagons, and sinking stages, which bring up the scenery from the
basement. Arthur Hopkins, the first American regisseur of imagination
to follow MacKaye, introduced, about 1914., stages that swung on pivots,
and Lee Simonson, the American designer, has made most ingenious use
of small revolving units in Theatre Guild productions such as Peer Gynt.
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Progress in Lighting. Even more energy and resourcefulness has gone
into the improvement of lighting equipment since the days of gas, and
this has served -both the realist and the producer of imagination. The
first notable 'attempt was made in Germany by the Venetian, Fortuny.
His aim was to provide diffused and softened light, morelike the re-
flected sunlight of a shaded spot. He threw all the -light rays of an
arc upon screens of coloured silk, which reflected them upon the stage.
His sky-dome or "Kuppelhorizont" futher diffused the light while pro-
ducing an illusive sky of almost infinite depth. From the mechanism
of Fortuny and the ideas of Gordon Craig's great rival, Adolphe Appia -
who first called for the shadowed, sculpturesque lighting that comes
from large sources of illumination; instead of the blank glare of the
footlights -- electrical invention has 'gone on to a surprising degree
of perfection in Germany and America. Through Max Hasait and Adolph
Linnebach, both working at Dresden in hot rivalry, devices were at last
perfected for projecting scenery by means of light on to backdrops or
cycloramas. Simonson made fine use of the Linnebach process in Back
to Methuselah and Peer Gynt.
There is,after all, a considerable difference between a decoration
thrown on a backdrop by electric light and interiors so solid and heavy
that they must be shifted by machinery. And yet both extremes fall
easily within the limits of the revolt which realist and theatricalist
began in the name of the. new stagecraft. Even the old-fashioned back-
drops of the opera house, painted in false perspective, have their place
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in the modern movement of the imagination if only they are painted
with the boldness, -the dramatic vigor, and the expressive colour of a
Russian like Bakst or Roerich or Golovin. If the artist can create
an effect upon the stage just as characteristic of the play and its
emotion as anything the actors may do, then he has done the work ex-
pected of him. The medium and the methoa do not matter.
Pioneers of the New Stage Craft. This was not quite so clear when
Gordon Craig and Adolph Appia began their campaign of scenic enlighten-
ment about the beginning of the 20th century. All about them the stage
was filled with flat and shallow artificiality. There was neither
beauty nor truth to life in the jaundiced meadows and mildewed moun-
tains and splayed rooms which the hack scene painters spread over back-
drops and wings in very, very false perspective. The realist and the.
imaginative artist had to hate them equally. Craig and Appia might have
accepted the stage conventions of the old theatre -- the simple flats
and backdrops, and awakened them to new life as the Russians did. In-
stead they fought.-them, and fought them on the one legitimate issue on
which they can be fought. Paintings in two dimensions do not and can-
not harmonize with three dimensional actors. So away with false pers-
pective and its painted shadows. Make room for solid plastics, 'for rocks
and walls against which the actor may lean.
Gordon Craig did a great deal more than argue against backdrops and wings.
In his articles and books he showed that the theatre is a composite art
made up of the contributions of playwright andactor and painter and mu-
sician. He demanded unity upon the stage and he declared that.the ideal
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artist of the theatre must be the man who can write tle play, direct the
actors, design the. scenery and lights, and provide any other -element
such -as the music or the dance that may be needed. Only in this fashion
can the theatre have the creative unity which is at its heart. And in
all his writing and through a1 his brilliant designs, Craig sought to
interpret in as dramatic a fashion as possible the emotion of the play.
Appia, a Swiss doctor, who began theorizing and sketching in the early
190s, stood likewise against fa4.se perspective and in favour of the
plastic stage. Like Craig, he was truly a regisseur. His great con-
tribution was a sense for the value of light. In his book describing
and p~cturing the production of Wagner's music-dramas, Appia provided
taany appropriate and striking sketches, dictating the movements of
actors as well as lights. He showed how spotlights, used instead of
footlights,produce shadows; how light and shadow give a sculpturesque
quality to everything on the stage, and how changes in tie light can
indicate the passage bf time and the development of the drama. To
demonstrate this, he drew a series of sketches ofsscenes from Wagner's
music-dramas following the light changes throughout each act.
When the theories of Craig and Appia annihilated the old stage setting,
they opened the way for something they were not the least bit interested
in -- realism. Fortunately they also provided the corrective for it.
When realism is most complete it is at its worst. It then furnishes an
absolute photograph of life. A room becomes a junk shop. It is solid,
real and wooden, and utterly confused. There are so many knick-knacks
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about that you can hardly find the actors. The eye is tempted to
wander off and count the bowls of flowers and admire the woodwork
.and discover curios all over the place. Belasco and all the realists
have now learned better than this. So far as America is concerned,
Arthur Hopkins and the artists of the new stage-craft have taught
them how to make a room seem real and plausible and yet never dis-
tracting, and how to make it express something of the drama that goes
on within.
Making Scenery Abstract. The modern theatre has been quick to realize
that the mood created by the.background is the important thing, and
that, generally speaking, the less the material world is involved,, the
more the actor can summon up an ideal world of the the theatrical ima-
gination. Directors and designers tended, therefore, towards experi-
ments with more and more abstract settings. Craig began with curtains,
using them for walls. In a scene for a modern play, Robert Edmond Jones
painted his curtains brown and green and hung them in folds that, under
proper lighting, suggested a forest. Other artists -- Norman Wilkinson,
for example, working in England under its one modern regisseur, Granville
Barker -- go a step further and treat curtains frankly as curtains,
painting them with a landscape or a formal arrangementof stars, and then--
so there cannot be the least possible mistake about it -- draping the
curtains in folds, and banishing even the quasi-illusion of the old
backdrop.
Screens can be used even more abstractly. About 1912, Craig worked out
a scheme for equipping a theatre with a set of folding screens of all
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sizes which. could re rearranged in an endless variety of ways. When
Stanislavsky tried to use this system of screens for Hamlet at the
Moscow Art theatre, he found grave difficulties inthe way of its
practical employment. These difficulties were largely removed in
a scheme devised by a pupil of Craig's, Sam Hume, which he used at
the Detroit Arts and Crafts theatre.
In all this talk of scenery, you must note implication after impli-
cation of how the regisseur will directthe company towards an art far,
far removed from the realism of the.Moscow Art theatre. When the theatre
goes still further into the abstract or the fantastic in stage setting,
it must carry the actor along with it, or it is nothing. Already de-
signers have thrust upon the stage the expressionistic methods of modern
painters like Picasso -- himself a designer for the Russian ballet of
Diaghileff. In America, and in most of the Continent outside Russia,
the regisseurs have done little to match these backgrounds with acting.
The outstanding exceptions -- Meyerhold, Yevreynoff, Komisarshefsky,
Tairoff and Zemach, all of Russia -- have laboured toinfuse into the
actor and the ensemble a stylized vitality which distinguishes their
performances from anything in the Westen world.
Expressionism and Constructivism. Expressionism, whether of acting or
scenery, postulates that the expressbn of inner emotion -- which ought
to be the emotion of the playwright and his play -- comes before any
resemblance to the outer aspect of life. Expressionistic productions
use distortion to arrest and excite the attention. Doorways assume
strange forms, as in that notable attempt in Macbeth which Robert Edmond
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Jones and Arthur Hopkins made in New York sone years ago without
acting to back them up. Walls topple. The floor shoots.up at weird
angles. Lights flare in with no relation to reality, and shift in
colqur almost word by word. The make-up of the actors is startlingly
obvious in its distorted lines, and the clothes of even modern charac-
ters are painted with high lights and shadows.
One can almost go back to Appia for the beginnings of constructivism,
for Appia was the first to stress the necessity of varied levels on the
stage. They have become increasingly important in te work of the more
radical regisseurs. Leopold Jessner, Germany's outstanding director
since R inhardt, added these levels to the formal stage of the more con-
servative expressionists. By using steps and parapets, he was able to
move his people in three dimensions, and make their physical -relation-
ships more vivid and significant. In each of his Shakespeare produc-
tions he stuck to a single arrangement of steps, upon which he arranged
a few of Emil Pirchan's simply sketched indications of locale, all with-
in the neutral wall of the often unlighted cyclorama.
From Jessner one leaps to Russia to find Meyerhold, a great theatrical
pioneer, developing in constructivism an art which seems to steal its
settings from the American skyscraper. High platforms, skeletonized
structures, inclined planes, all manner of bare, unsentimentalized con-
struction provide the boting as well as the background for the actors,
and three or four locales are shown at one time -- a trick of the Re-
naissance. Tairoff mingles canvas expressionism with this when he
m6unts Eugene O'Neill's .The Hairy Ape or Desire under the Elms. In
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the musical studio of the Moscow Art theatre Dantchenko has refined
and humanized constructivism in performances of Lysistrata and Carmen.
New Theatres for Old. Certain attempts at. formalizing the existing
stage carry us clear out of this phase and into new types of playhouses.
Robert Edmond Jones's Hamlet, for instance, turned a Romanesque hall in-
to a permanent setting for the whole drama. Such a scheme makes no pre-
tence at the illusion of turrets, woods or any place except the theatre,
tinged with the color and mood of the drama. This recognition of the
playhouse as a place of frank make-believe has carried many modern
directors into experiments in theatre architecture that recall the
stages of Greece and Elizabethan England. Reinhardt, after prpducing
Greek tragedy in one-ring circus buildings of Germany, reconstructed one
of these houses into the Grosses Schauspielhaus. Here the actors could
appeal on the orchestra floor in the midst of the audience or retreat to a
fully equipped modern stage with sky-dome and revolving floor.
Half a dozen artists have .designed theatres of even more revolutionary
character. One of these, not yet built, however, is Norman-Bel Geddes's
project for a stage in the corner of a sky-dome completely arching in
the auditorium as well. The stage itself sinks into the basement for
changes of scene to be made by means of rolling platforms already set.
MacKaye's Spectatorium, conceived and partially built for the World's
Fair in Chicago, was to seat 10,000 people. The stage itself was to in-
troduce a number of reforms now adopted abroad - the sky-dome, the,adapt-
able proscenium opening and fore stage, the cloud machine, and a sliding
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stage on wheels. The whole stage could be submerged in water for the
discovery of America by Columbus.
Europe created two theatres of outstanding novelty in the Vieux Colom-
bier of Copeau and tleTheater in dem Redoutensaal opened in Vienna by
Adolf Vetter, then head of the State theatres. The Vieux Colombier
was a tiny playhouse without a proscenium opening in which the audience
and stage were contained in a single room. The stage itself was provided
with a permanent architectural setting of steps and balcony which could
be converted, for example, from a classic exterior into a scene for
Twelfth Night by altering parts of the decoration.
The Theater in der Redoutensaal is again a theatre with no proscenium
and, therefore, no fourth wall ad no peep-show. At one end of this
great and glorious ballroom of Maria Theresa, Vetterand.Oberbaurat Sebastien
Heinrich placed an acting platform without proscenium or "flies." Upon
this platform is a curved wall perhaps 15 ft. high, carrying out the de-
corative motifs of the hall and making a permanent background for the stage .
In the middle, double stairways curve up to a balcony above. Upon the
balcony are great doors leading to other rooms. The shell of the cream
and gold wall is pierced by openings~ for doors and windows. Screens or
simple set-pieces serve to vary this setting, and to indicate mood and
place. The Marriage of Figaro was there presented by the forces of the
State opera, and Max Reinhardt has staged many classic comedies' in the
Redoutensaal.
The bulk of this effort to match the realistic theatre with a theatre
of imagination has gone forward unsupported by proper plays. The
classics have served best. Some modern dramas have been badly dis-
torted to fit them to the Procrustean beds of expressionism. In
Germany a certain number of playwrights, led by Georg Kaiser and
Walter Hasenclever, have made valiant and none too successful efforts
to provide free and vivid plays of to-day cast in a nervous, fast-
moving,.subjective form.- The success of the Russians in matching
plays 'to constructivist production had not been so notable as to pass
the frontiers by 1928. The only distinctly promising efforts towards
new dramatic form have come from Americaand largely from the pen,of
one writer, Eugene O'Neill. Elmer Rice's The Adding Maghine and
George S. Kaufman and Marc Connelly's Beggar on Horseback, adapted
from a German original, have succeeded in enkindling a public response,
but the pioneer work of John Howard Lawson, Francis E. Faragoh, John
Dos Passos, and Em Jo Bassche has failed to meet the requirements of
the audiences of to-day. O'Neill's expressionistic drama The Hairy
Ape, his constructivist experiment Desire Under the Elms, his drama of
masks, The Great God Brown, his nine-act exposition of spoken thoughts
Strange Interlude, and his printed play Lazarus Laughed, seem the only
completely mastered attempts of a playwright to strike out along the
paths that modern pioneers in. direction, scenery and acting have marked
out.
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DIRECTION AND ACTING (EXCERPT) BY CONSTANTIN STANISLAVJKY
Theatrical art has always been collective, arising only where poetical-
dramatic talent was actively combined with the actor 's. The basis of
a play is always a dramatic conception; a general artistic sense is
imparted to the theatrical action by the unifying, creative genius of
the actor. Thus the actor's dramatic activity begins at the founda-
tion of the play. -In the first place, each actor, either independently
or through the theatre manager, must proble for the fundamental motive
in the finished play -- the creative idea that is characteristic of-the
author and that revealsitself as the germ from which his work grows
organically. The motive of the play always holds the character develop-
ing before the spectator; each personality in the work takes a part of
conforming to his own character; the work then developing in the
appointed direction, flcws on to the final point conceived by the author.
The first stage in the work of the actor and theatre manager is to probe
for the germ of the play, investigating the fundamental line of action
that traverses all of its episodes and is therefore called by the writer
its transparent effect or action. In contrast to some theatrical di-
rectors, who consider every play only as material for theatrical repetition,
the writer believes that in the production of every important drama the
director and actor' must go straight for the most exact and profound con-
ception of the mind and ideal of the dramatist, and must not change that
ideal for their own. The interpretation of the play and the character
of its artistic incarnation inevitably appear in a certain measure sub-
jective, and bear the mark of the individual pe-culiarities of the manager
and actors; but only by profound attention to the artistic individuality
I
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of the author and to his ideal and mentality, which have been disclosed
as the creative germ of the play, can the theatre ralize all its artistic
depth and transmit, as in a poetical production, completeness and harmony
of composition. Every part of the future spectacle is then unified in it by
its own artistic work; each part, in the measure of its own genius, will
flow on to the artistic realization aimed at by the dramatist.
The actor's task,then, begins with the search for the play's artistic
seed. All artistic action -- organic action, as in every constructive
operation of nature -- starts from this seed at the moment when it is-
conveyed to the mind. On reaching the actor's mind, the seed must wander
around, germinate, put out roots, drinking in the juices of the soil in
which it is planted, grow and eventually bring forth a lively flowering
plant. Artistic process must in all cases flow very rapidly,but usually,
in order that it may peserve the character of the true organic action and
may lead to the creation of life, of a clear truly artistic theatrical
imagg, and not of a trade substitute, it demands much more time than is
alotted to it in the best European theatres. That is why in the writer's
theatre every dramatization passes through eight to ten revisions, as is
also done in Germany by the famous theatre manager and theorist, K. Hage-
mann. Sometimes even more than ten revisions are needed, occasionally
extending over several months. But even under these circumstances, the
creative genius of the actor does not appear so freely as does, for in-
stance, the creative genius of the dramatist. Bound by the strict obli-
gations of his 'collectif,' the actor must not postpone his work to the
moment when his physical and psychic condition appears propitious for
creative genius. Meanwhile, his exacting and capricious artistic nature
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is prompted by aspirations of his artistic intuition, and in he
absence of creative genius is not reached by any effort of his will.
He is not aided in that respect by outward technique -- his skill in
making use of his body, his vocal equipment and his powers of speech.
Production. It is evident that under these conditions, the staging
of a play, which will satisfy highly artistic demands, cannot be
achieved at the speed that economic factors unfortunately make neces-
sary in most theatres. This creative process, which every actor must
go through, from his conception of the part to its artistic incarnation,
is essentially very complicated, and is hampered, by lack of perfection
of outward and inward technique. It is also much hindered by the neces-
sity of fitting in the actors one with another -- the adjustment of
their artistic individualities into an artistic whole.
Responsibility for bringing about this accord, and the artistic integrity
and expression of the performance rests with the theatre manager. During
the period when the manager exercised a despotic rule in the theatre, a
period starting with the Meiningen players and still in force even in
many of the foremost theatres, the manager worked out in advance all the
plans for staging a play, and, while certainly having regard to the ex-
isting cast, indicated to the actors the general outlines of the scenic
effects, and the 'mise-en-scene'. The writer lso adhered to this system,
but now he has come to the conciusion that the creative work of the manager
must be done in collaboration with the actor's work, neither ignoring it
nor confirming it., To encourage the actor's creative genius, to control
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and adjust it, ensuring that this creative genius grows out of the
unique artistic germ of the drama, as much as the external building
up of the performance -- that in the opinion of the writer is the prob-
lem of the theatre director'to-day.
The joint work of the director and actor begins with the analysis of the
drama and the discovery of its artistic germ, and with the investigation
of its 'transparent effect. The next step is the discovery of the trans-
parent effect of individual parts -- of that fundamental will direction
of each individual actor, which, organically derived from his character,
determines his place in the general action of the play. If .the actor
cannot at once secure this transparent effect, then it must be traced
bit by bit with the manager's aid -- by dividing the part into sections
corresponding to the separate stages of the life of. the particular actor --
from the separate problems developing before him in his struggle for the
attainment of his goal. Each such section of a part or each problem, can,
if necessary, be subjected to further psychological analysis, and sub-
divided into problems even more detailed, corresponding to those separate
mind actions of the performer out of which stage life is summed up. The
actor must catch the mind axes of the emotions and temperaments, but not
the emotions and temperaments, that give colour to these sections of the
part. In other words, when studying each portion of his partt, the actor
must ask himself what he wants, what he requires as a performer of the
play and which definite partial problem he is putting before himselfat
a given moment. The answer to this question should not be in the form
,of a noun, but rather of a verb: "I wish to obtain possession of the heart
of this lady" -- "I wish to enter her house" -- "I wish to push aside
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the servants who are protecting her," etc. Formulated in this manner,
the mind problem of which the object and setting, thanks toihe working
of his creative imagination, are forming a brighter and clearer picture
for the actor, begins to grip him and to excite him, extracting from
the recesses of his working memory the combinations of emotions neces-
sary to the part, of emotions that have an active character and mould
themselves into dramatic action. In this way the different sections
of the actor's part grow more iively and richer by degrees, owing to the
involuntary play of the complicated organic survivals. By joining
together and grafting these sections, the 'score of the part' is formed;
the scores of the separate parts, after the continual joint work of the
actors during rehearsals and by the necessary adjustment of them one with
anOther, are summed up in a single'score of the performance.
The Score Condensed. Nevertheless, the work of the actors and manager is
still unfinished. The actor is studying and living in the part and the
play deeper and deeper still, finding their deeper artistic motives; so
he lives in the score of his part still more profoundly. But the score
of the part itself and of the play are actually subject by degrees during
the work to further alterations. As in a perfect poetical production there
are no superfluous words but only those necessary to the poet's artistic
scheme, so in a score of the part there must not be a single superfluous
emotion but only emotions necessary for the 'transparent effect'. The
score of each part must be condensed, as also the form of its transmitting
and bright, simple and compelling forms of its incarnation must be fcund.
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Only then, when in each actor every part not only organically ripens
and comes to life but also all emotions are stripped of the super-
fluous, when they all crystallize and sum up into a live contact,
when they harmonize amongst themselves in the general tune, rhythm
and time of the performance, then the play may be presented to the
public.
During repeated presentations the theatrical score of the play and
each part remains in general unaltered. But that does not mean that
from the moment the performance is shown to the public the actor's
creative process is to be considered ended, and that there remains
for him only the mechanical repitition of his achievement at the first
presentation. On the contrary, every performance imposes on him
creative conditions; all his psychical forces. must take part in it, be-
cause only in these conditions canthey creatively adapt the score -of the
part to those capricious changes which may develop in them from hour to
hour, as in all living nervous creatures influencing one another by their
emotions, and only then canhey transmit to the spectator that invisible
something, inexpressible in words, which forms the spiritual content
of the plays. And that is the whole origin of the substance of dramatic
art.
AS REGARDS THE OUSIWARD, ARRANGEM1ENTS OF THE PLAY -- SCENERY, THEATRICAL
PROPERTIES, ETC. -- ALL ARE OF VALUE IN SO FAR AS TiY CORRESPOND TO0
THE EXPRESSION 0F DRAMATIC ACTION, I.E., TO THE ACTOR'S TALENTS; IN NO
CASE MAY THEY CLAIM TO HAVE AN INDEPENDENT ARTISTIC IMPORTANCE IN THE
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TIEATRE, ALTHOUGH UP TDo NOW THEY HAVE BEE' N SO CONSIDERED BY MANY GREAT
SCENE PAINTERS. THE ART OF SCENE PAINTING, AS WELL AS THE MUSIC IN-
CLUDED IN THE PLAY, IS ON THi STAGE ONLY AN AUXILLIARY ART, AND TE
MANAGER'S DUTY IS TO GET FRLOM EACH WHAT IS NECESSARY FOR THE ILLUMI-
NATION OF THE PLAY PERFORMD BEFORE AN AUDIENCE, WHILE SUBORDINATING
EACH TO THE PROBLEMS OF THE ACTORS.
APEENDIX B:
Excerpts from an Arthur D. Little, Co.
report to the Metropolitan Arts
Commission of Boston, concerning
the theatrical situation in
Boston. This report is included
because of its methods of getting
and presenting information about
a Boston Civic Theatre project, as
well as for.the information that
it presents.
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I. SUMMARY
A. PURPOSE AND SCOPE
The Metropolitan Boston Arts Center, Inc. (MEBAC) is a nonprofit in-
stitution incorporated under the laws of the Commonwealth of Massachusetts. Its
purpose is to give the public a program of dramatic, visual and musical arts..
To achieve this aim, MEBAC is planning for the most appropriate first-
class performing arts facilities. The proposed facilities are to be operated on a
basis that will not compete directly with, but are intended to supplement, existing
facilities in Boston.
The purpose of this study was to identify potential users and to define
their building requirements and indicated usage of the facilities considered under
the auspices of MEBAC. It was not within the scope of this study to define or de-
scribe in depth the present facilities in Boston, architectural considerations per-
taining to a multipurpose, flexible hall, operating expenses and potential revenue,
or reactions to the site. However, for the sake of greater clarity and complete-
ness of information, we have discussed these aspects as comprehensively as pos-
sible in Sections IV, VII, VIII and IX. Furthermore, our study does not include
a determination of the cultural need for new facilities in Boston nor the problem of
audience saturation vis-a-vis the performing arts. Based, however, upon the ex-
perience of concert managers, producers, booking agents, and others, Boston is
ranked as a cultural center, and its audiences are considered highly receptive to
first-class performing arts events.
The new facilities would be principally used for the following:
1. Events, both of local and out-of-town origin, that must
now be performed in facilities considered unsuitable ar-
tistically and/or economically.
2. Events not appearing in Boston because of a lack of suit-
able facilities.
3. Events requiring a subsidy (including those sponsored by
nonprofit organizations).
4. Situations where a longer run is possible.
5. Events unable to come to Boston because of schedule con-
flicts with other events for the use of existing facilities.
I
2Our field interviewing program concentrated mainly on the above re-
spondent groups and sought information regarding the following:
1. Seating requirements by type of event.
2. Indicated days' usage by the type of event.
3. General staging and other layout requirements.
4. Equipment requirements.
5. The general conditions under which the proposed fa-
,cilities would be considered desirable.
Our field interviews were directed not only toward potential users, but
also operators of existing and proposed facilities in Boston and other cities in the
United States and Canada, and experts in theater staging, lighting, and architec-
ture. In addition to this field work, we made an extensive literature search for
background information on the-design of performing arts facilities and other re-
lated problems.
It is not within the scope of this study to recommend the most suitable
facility(s) to be constructed. Rather, its purpose is to provide the data necessary
to enable MEBAC to reach such a decision and to select the hall(s) that will con-
tribute most significantly to the artistic and cultural life of the community without
at the same time being an excessive financial liability.
B. CONCLUSIONS
1. Based upon an analysis of user requirements, three distinct building
sizes emerge as being the most desirable for Boston. These size categories are
sufficiently distinct as to suggest three different building alternatives, each ideally
suited to certain kinds of events:
a. 600-800 Seats - This size of building would house the
local company known as the Charles Playhouse or a
similar stock or repertory group.
b. 1600-2200 Seats - This size would be used princi-
pally, but not exclusively, by locally sponsored and /
produced events, such as the Cambridge Drama
Festival, New England Opera, the Opera Group, etc.
3c. 2800-4000 Seats - The principal tenants of this siz
building would be touring groups, such as the Metro-
politan Opera, American and foreign ballet companies,
and miscellaneous events sponsored by the major book-
ing agents in New York.
2. There exists a considerable amount of overlapping demand for fa-
cilities. That is to say, most events can be successfully presented in a wide range
of different sized facilities. Thus, the final size selection of new facilities must
reflect a careful consideration of all types of events that may be fitted into a single
hall.
3. The most desirable and realistic solution seems to call for a multi-
purpose, flexible facility designed to be used by a variety of performing arts groups.
A flexible facility is one in which many different performing arts events can be suit-
ably staged by adjustment of the seating capacity, acoustics, stage and sight lines.
However, an analysis of past attempts to design a truly flexible facility indicates
that the solutions are extremely complex; few really successful halls have been de-
signed that proved to have a wide range of operating flexibility over a period of time.
This is not to say that flexibility is impossible, but MEBAC should have full grasp
of the problems and limitations inherent in its final design selection and should
equate this with usage levels.
4. Construction estimates made on a very preliminary basis indicate
that the total cost of an attractive, first-class, 2000-seat theater constructed in
1962 would fall between six and eight million dollars, based upon construction costs
for similar buildings in the United States. The cost of a 3000-seat hall constructed
in 1962 would be between eight and ten million dollars. Except for land acquisition
costs, these estimates are total figures and include hall construction cost and all
interior furnishings, foundation, parking facilities, architectural fees, a,5% annual
inflation factor, contingency fees, special equipment to achieve building flexibility,
etc.
C. RECOMMENDED AREAS FOR FURTHER INVESTIGATION
BY MEBAC
The principal theatrical requirements in Boston are not so much new seat-
ing capacity per se but a proper stage for opera and the ballet with outstanding acous-
tics. There is not a single facility in Boston that can be considered desirable for the
presentation of opera and ballet because of these limitations. However, we feel that
MEBAC should consider several alternative solutions as well as the construction of
new facilities, because a considerable amount of time is available from three legiti-
mate theaters in the 1200-1800 seat range. Furthermore, the proposed City Audi-
torium (with some facility revision) might provide a combination of large seating
40parcity With 4t 1944t Odquata rtage faCIIliicO ani acoustical1 propertico that
would make it useful for the large touring opera and ballet companies.
Therefore, it is recommended that MEBAC carry out a detailed analysis
of the suitability and availability of existing and/or planned facilities in Boston.
The analysis would consider the following:
1. Feasibility of utilizing the proposed Boston City Audi-
torium for large-scale events, with particular reference
to the adequacy of stage facilities and acoustical arrange-
ments and to restrictions imposed by its prospective
schedule of other uses.
2. Cost and feasibility of preparing the Metropolitan Theatre
for large-scale opera and ballet performances, with par-
ticular reference to enlargement of its stage and scenery
storage capacity to adequate proportions.
3. Feasibility of using already existing theatrical facilities
for events sponsored or ptroduced locally.
4. A study of various operating expenses and revenues. Our
estimates of operating expenditures and revenue per per-
formance for a 3000-seat hall are very rough estimates
and may change significantly in the light of more detailed
analysis.
51I. INTRODUCTION
The Metropolitan Boston Arts Center, Inc. (MEBAC) is a nonprofit in-
stitution whose purpose is to give the public a program of dramatic, visual and
musical arts. To this end, MEBAC has entered into a contractual agreement with
the Metropolitan. District Commission (MDC) under which a site on the banks of
the Charles River has been provided for the construction of performing and visual
arts facilities. A summer theater and an art gallery have already been erected on
the site. It is MEBAC's intention to plan for whatever additional facilities are nec-
essary to provide a pre-eminent Arts Center for the citizens of Boston and sur- -
rounding communities.
More specifically, MEBAC's objective is to provide high quality produc-
tions and exhibitions in the performing and visual arts, of local, national and inter-
national importance, and to make these available to the largest audiences at the
lowest cost practicable. In the area of the performing arts, MEBAC desires to
provide facilities ideally suited to the presentation of opera, ballet and the drama.
It is not intended that the Arts Center compete directly with established commercial
facilities; rather, it should present productions for which the facilities of the Arts
Center would be uniquely suitable. Furthermore, it is MEBAC's intention to be
satisfied with nothing less than first-class facilities that place the city of Boston
among those with outstanding facilities not only for musical presentations, but also
the opera, ballet and theater.
In the beginning of 1960, MEBAC requested us to undertake a program
of research designed to assist it in determining the size and type of facilities to
construct. Our conclusions are based upon a comprehensive survey of the market
for new Arts Center facilities in Boston. It is not within the province of this mar-
ket research program to analyze local cultural requirements or audience saturation
and to recommend the facility(s) most suitable. Rather, the market potential infor-
mation and conclusions derived during our study are intended to serve as the basis
on which MEBAC can decide what the most realistic building alternatives are for the
Arts Center and for the city of Boston.
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In carrying out our field work, we approached each potential uscr to
determine the ideal facilities required for his particular needs and the number of
performances he would use the new facilities. These findings were tabulated and
analyzed and then used as the basis of our final conclusions.
As the first step in our program, we designed a comprehensive set of
questionnaires for our field interviewing program. Appendix A contains copies
of these questionnaires. Over one hundred personal and telephone interviews
were conducted during the course of the program to gather the information neces-
sary for a definition of the market potential and facility requirements. Those
interviewed included executives of local facilities, local concert managers and
booking agents, city officials, directors of local performing arts activities, the
principal concert managers in New York City and elsewhere, theatrical producers
(including those responsible for major foreign companies' coming to the United
States), business and artistic directors of the. major performing arts groups, and
representatives of comparable facilities throughout the country and Canada. In
addition, we interviewed a number of leading experts in the field of theatrical
seating, lighting, acoustics, staging and, architecture. Entertainment industry
representatives also gave us valuable information on over-all trends. All indi-
viduals and organizations contacted are listed in Appendix B.
Although it is impossible to estimate the extent of our market coverage
with statistical certainty, we feel that our survey includes the vast majority of
potential users for the new Arts Center facilities, namely:
1. The major touring ballet and opera companies of the
United States and Canada.
2. Concert and theatrical managers who handle most of
the touring events, both domestic and foreign.
3. The most active local performing arts groups, as
well as leading local impresarios and concert managers
who would be interested in using the new facilities.
4. Other organizations that might need new facilities.
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IV. EXISTING FACILITIES IN BOSTON
Since it is the intention of MEBAC to supplement rather than compete
with present facilities in greater Boston, it is appropriate to enumerate and de-
scribe those facilities, to indicate what types of facilities are in adequate supply,
and what types are not. With the exception of the Charles Playhouse, we shall
not deal with those facilities used exclusively by the owner or one tenant, e.g.,
the 495-seat theater of the Boston Conservatory.
Figure I lists facilities in Boston in order of size and indicates the
percent of days they are booked during the nine-month winter season and the
three-month summer season.
A. COMMERCIAL LEGITIMATE THEATERS
Boston currently has three commercial legitimate theaters, all located
in the downtown area: the Shubert, the Colonial and the Wilbur. These theaters
are available both for out-of-town tryouts before New York openings and for re-
run tours of successful New York shows. In addition, they are used for small
dance companies and similar events. The Wilbur has been used in the recent
past by a Boston repertory drama group and by a local opera group. It is the
concensus of our respondents that all three houses are perfectly adequate theaters
in their size ranges. Seating capacities are as follows:
Shubert 1714
Colonial 1590
Wilbur 1241
Usage of these theaters varies greatly from year to year, depending,
in the case of tryouts, upon the number of openings in New York and, in the case
of reruns, upon the number of successful shows in preceding New York seasons.
Thus, during the 1959-1960 season, which runs from Labor Day to May, the
Wilbur was dark 21 weeks, the Colonial, 19 weeks, and the Shubert, 16 weeks;
these theaters were not in use for a total of 56 out of the 120 theater weeks avail-
able. It would appear that present commercial legitimate facilities furnish ade-
quate capacity, even though there are occasional booking conflicts when all three
are occupied.
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9B. SYMPHONY HALL
Symphony Hall has a capacity of 2631 seats. Its acoustics are univer- -
sally regarded as superb for orchestral performances. Being designed as an or-
chestra hall, however, it does not have a theatrical stage, and its shape and flat-
floor seating are considered undesirable f@r theatrical or dance events by the ma-
jority of our respondents. In short, Symphony Hall is well suited only for sym-
phony concerts, recitals, and lectures. In any event, Symphony is in use for the
latter events for all except ten to twelve days from September 15 to July 1. From
July 1 to September 15, only three or four events of short duration are booked in a
typical year. As Symphony Hall is not air conditioned, it is not a good facility for
summer events, and the pressure of bookings during the rest of the year precludes
any great increase in the number of events held at that time.
C. OTHER SMALLER HALLS
There are three other small halls available for cultural activities in
Boston: John Hancock Hall, Jordan Hall and New England Mutual Hall. Their seat-
ing capacities are as follows:
John Hancock Hall 1132
Jordan Hall 1019
New England Mutual Hall 913
John Hancock Hall was booked at 57% of capacity last winter and 8% in the summer,
largely with meetings. It is only filled to seating capacity, however, four to seven
times per year. It is air conditioned and has a small, proscenium type stage, 40
feet deep and 71 feet wide. Proscenium arch dimensions are 34-1/2 feet wide by
19 feet high.
Jordan Hall is principally devoted to the activities of the New England
Conservatory, being a part of the main Conservatory building. Bookings equaled
79% of capacity last winter and 13% in the summer. Jordan Hall is not air con-
ditioned.
New England Mutual Hall, like John Hancock, is used principally for
meetings. It is air conditioned. At one time it housed a summer theater. At
present, however, its only summer events are a film series. It is booked at 80%
of capacity in winter and 39% in summer.
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D. FACILITIES OCCASIONALLY AVAILABLE
There are five facilities whose primary purposes are other than the
housing of cultural events for the general public but which are, nevertheless,
occasionally available for performances. These are: *The Metropolitan Theater,
Donnelly Memorial Theater, Sanders Memorial Theater and Loeb Drama Center
at Harvard, and Kresge Auditorium at M.I.T.
The Metropolitan Theater, a motion picture theater, is now rented
annually for one week for the presentation of the Metropolitan Opera on tour. The
remainder of the year it is used exclusively for motion pictures. It has a shallow
theatrical stage, a large orchestra pit, dressing rooms, scenery lines, etc.,
having been built as a vaudeville theater, but it has inadequate storage space for
presentations on the scale of the Metropolitan Opera. The seating capacity is
4442, of which slightly over 4000 seats are used during opera performances.
Donnelly Memorial Theater is primarily devoted to religious activities
but is available for outside bookings. It seats 3400. Like the Metropolitan Theater,
it was built as a vaudeville house and thus has a limited theatrical stage, dressing
rooms, etc., but it has no orchestra pit and only limited storage space for scenery.
It has been used by local opera groups, but to date winter bookings have totaled 58%.
The building is closed in summer.
Sanders Memorial Theater is available for bookings of non-University
events only by chartered educational institutions and nonprofit, tax-free corpora-
tions. Events charging admission must be endorsed by the mayor of Cambridge.
Thus, many events are not in a position to book it. In any case, available open
dates in winter approximate only 5% of the total usable time. It is used for such
events as the Boston Symphony, the Cambridge Drama Festival, the Chorus Pro
Musica, etc. Seating capacity is 1236.
The Loeb Drama Center at Harvard is not yet in operation, and it is not
yet definitely known whether it will be available for use by outside organizations.
There is a distinct possibility, however, that it will be available, probably under
the same criteria used at Sanders, when not occupied by Harvard presentations.
Because of the amount of booking expected by Harvard, free dates will probably be
rare, at least in the winter season.
The facility seats 600 and is uniquely flexible, being equipped for use
with a proscenium arch stage, an extended-apron stage or a stage in the round.
It is air conditioned and highly mechanized.
Although almost ideal for use by a repertory group, the lack of large
blocks of free booking dates would seem to preclude its use for that purpose by an
outside organization.
RPM"
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Kresge Auditorium seats 1238. Every event booked must have M.I.T.
sponsorship or an affiliation with M.I.T. This limitation is broad enough, how-
ever, that events are booked by such organizations as the Cambridge Drama Festi-
val, the Poets' Theater and the United Fund. Its stage is not considered ideal for
conventional dramatic productions. Like Sanders Theater, it is 95% occupied in
winter. Summer bookings take up 55% of available time.
E. THE PROPOSED BOSTON AUDITORIUM
The proposed Boston Auditorium, to be built on the site of the Prudential
Center, is expected to be completed in 1962 or 1963. Present plans include seat-
ing for 5800 people, 4000 on the main floor and 1800 in the balcony. It is to have
a theater stage 150 feet wide and 45 feet deep, with 25-30 lines for scenery (as-
suming 12-inch'spacing) and a lighting gridiron. The stage height will be 51 feet,
which is rather low for a theater stage and generally considered too low to accom-
modate major ballet and opera productions. The auditorium is to be provided with
acoustical reflecting panels at the request of the Boston Symphony, but it is not ex-
pected to have outstanding acoustical properties. Movable equipment will probably
be available to provide a raked floor for theatrical performances. It is not now
possible to predict bookings in the building. However, its primary purpose is to
provide a facility for conventions. Thus, convention activities take first prece-
dence, and exhibits like the Home Show have next preference. Cultural events
could then be scheduled in any open dates. The number and duration of such dates
is likely to be greatly influenced by the proposal to build an all-weather, 51, 000-
seat sports arena at Columbia Point.
F. SPORTS ARENAS
There are two large facilities in Boston that are designed and used pri-
marily for hockey, basketball, ice shows, boxing, rodeos and other sports events.
They are the Boston Arena, with 7200 seats, and the Boston Garden, with 14, 000.
The Garden is privately operated for profit; the Arena is operated by a State Author-
ity. Both have flat arena floors and stadium seating. Each has been used for
cultural events such as local opera, the Royal Ballet, the Moiseyev Dance Company,
band concerts and other events that draw large audiences. Cultural events constitute
approximately 2 to 3% of their schedules for brief engagements. The Arena is
booked 90% of the winter season and 33% of the summer; the Garden is 70% booked
in winter and only 4% in summer. Neither has a permanent stage, but stages are
erected specially for the events, and appropriate lighting can be provided. The
orchestra must be placed in the seats to the side of the stage. Both facilities have
sufficient dressing room space.
AW
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The cultural attractions prkoontcd In the Boston Gardcn and thC DoLon
Arena are forced to use very large facilities because of their wide public appeal
and high production and travel costs. However, though use of these facilities is
economically justifiable, they are generally regarded as unsuitable from an aes-
thetic point of view. Their acoustics leave much to be desired, and the distance
from spectator to stage in many parts of the halls is excessive.
-In Figure 2 the facilities described above are arranged in order of size,
and the average number of days' availability of each during summer and winter
seasons is indicated by the height of the respective bar.
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AVERAGE DAYS AVAILABLE IN BOSTON FACILITIES.
ARRANGED BY SIZE - SHOWN BY SEASON
V. BOOKING PROCEDURES
Although there are many minor variations in financial arrangements in
booking events, the principal distinction in method depends upon who assumes the
financial risk of an engagement. If the producer or impresario assumes the risk
and takes the profits, we refer to the event as "unsponsored." If another party
or group acts as guarantor, we refer to the event as "sponsored."
In general, the commercial legitimate theater books on an unsponsored
basis. Typically, the producer of a show planning a pre-Broadway tryout in Boston
deals with one of the local theaters directly or through a booking office. The thea-
ter is occasionally rented for a fixed price for the duration of the run or, more
commonly, is rented for a percentage of gross. Typically, this percentage is al-
located 70% to the producer and 30% to the theater up to a $25, 000 weekly gross.
Above $25, 000 the percentages change and vary between 65-35% and 75-25%.
Thus, aside from a minor participation in risks and profits by the theater, it is
the producer who assumes the risk and takes any profits. Legitimate tryouts and
reruns, certain lecture series, some dance companies, and events that are pro-
duced and staged locally use this method of booking.
Under sponsored or guaranteed booking, a local sponsor (either an
entrepreneur seeking a profit or a nonprofit organization) guarantees the producer
a fixed amount plus a percentage of gross, hires a facility and arranges for sup-
porting services including publicity. This system, too, is subject to variations,
and the local promoter may act at times as direct agent for an impresario rather
than as a sponsor.
This method is commonest in the booking of special events, concerts,
recitals and lecture bookings. The theater may be rented on a "four walls" basis
(under which the promoter rents the hall without services and makes his own ar-
rangements for stage hands, ushers, etc.), or it may be hired with complete
staffing.
Bookings of "unsponsored" events depend entirely upon what is produced,
the type of hall required, and the availability of halls. In the case of sponsored
events, however, the management of a facility can increase usage by acting as a
sponsor or promoter. Thus, for example, the Bushnell Memorial in Hartford,
Connecticut, sponsors a lecture series. There is no reason, other than market
saturation, why an aggressive management for any facility MEBAC might build
could not influence usage by sponsoring lectures, motion pictures, concert series,
etc., for the new hall. The ingredients for success appear to be good judgment in
selecting events for the potential audience, an understanding of the handling of
publicity, and adroitness at promotion.
MIR P RIF
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VI. INDICATED USAGE AND SIZE FACTORS
Our analy'is and conclusions for new facilities are based upon a thor-
ough investigation of potential users to determine the amount of usage and size
of facilities respondents indicated as being required. In presenting these find-
ings, we did not attempt to interpret usage or size requirements except in those
cases where a respondent's reply was stated in terms of a range rather than a
specific figure, or when potential usage was an estimate of long-term needs.
Furthermore, the total days' usage for each facility does not reflect any recon-
ciliation of possible conflicts between two events wanting to use the facilities at
the same time. These scheduling conflicts are bound to occur during the course
of the year, but since immediate total demand does not approach year-round us-
age the number of schedule conflicts is not expected to be excessive.
"Audience saturation" has also not been taken into account in our esti-
mate of number of performances. This problem is a subjective one and cannot
be answered scientifically within the context of this report, but there are some
related considerations that should be noted. The problem is, of course, related
to the facility(s) required to serve Boston over many years in the future, and
MEBAC still must determine to the extent possible how many performances of
ballet, opera, etc. Boston audiences will support during one season. To under-
score this problem, one has only to consider that a 3000-seat hall filled to capac-
ity 12 months of the year would have to sell over one million tickets annually.
Bostonians, however, have historically shown considerable enthusiasm
for the arts, as can be seen by the repeated sell-out of the Boston Symphony Or-
chestra, the success of the Cambridge Drama Festival, the increase in applica-
tions for the Metropolitan Opera season and the growing vigor of locally produced
opera and drama. In consequence, potential users with knowledge of the Boston
audience for artistic performances of merit have reflected confidence that Boston
in fact does and will continue to support first-class productions. This, then, means
that if individual users or producers pass from the scene, others will take their
place so long as the fundamental public demand continues.
Outstanding productions, aggressively promoted and presented in first-
class facilities, should certainly assist in encouraging and perhaps even enlarging
the present audience demand. However, the question of future audience demand
and saturation in Boston is one that MEBAC must seriously consider in its final de-
cision.
Figure 3 shows the cumulative total of days' usage by type of event for
several alternative sized facilities. We have not attempted to estimate the influ-
ence of schedule conflicts or audience saturation.
V'-' -\/7
BY EVENTS DIVIDED INTO FOUR
ALTERNATIVE STRUCTURES
225
REPERTORY AND
STOCK THEATER
PRODUCTIONS
growth potent-
14
7 DANCE
14.LEGITIMATEMUSICALS
40 SMALL OPERA
PRODUCTIONS
75-SUMMER EVENT
999 1000- 1999
168
45MISCELLANEOUS
2 DANCE
1EGITIMATE
MUSICALS
15 -SMALL OPERAPRODUCTIONSfl
7~
75-SUMMER EVENTS 24
&.MAJOR DANCE
EVENTS
14 AND OPERA
2000- 3499 3500- PLUS
Figure 3
rr"N T1
~t-.
350 coy
325
300
275
250
225
200
175
150
125 ~
100
75
50
25
SEATS: 0-
2 f
18
To~ 400h4VP thu 10iy'01 f Uaago lIII11_atcd by kaOIpuiidcn1to would prubbly
require several years of operation, during which time the facility would have to
be actively and successfully promoted. Wherever possible in our interviewswith
respondents, we also obtained estimates of potential growth in demand.
A. GENERAL REQUIREMENTS UPON WHICH DEMAND IS BASED
Before we discuss the factors of usage and size, it is important to
understand the general requirements upon which these factors are predicated.
It should be clearly understood that each respondent estimated his usage on the
assumption that he would have a facility that met his requirements. To attract
users, therefore, the facility must be as ideal as possible in the major categories
listed below. The points are presented as general guidelines; more specific re-
quirements are discussed in Section VII.
1. Capacity
For a small local stock company such as the Charles Playhouse, the
ideal capacity of the 1puse should be about 600-800 seats, or a loss of intimacy
and audience rapport s liable to occur. The need for a "full house" (the majority
of seats are occupied, or the hall has been cut down in size in such a manner as
to give this impression) is a real one in the performing arts world. It touches on
and affects both the economics and artistic success of a performance. This prob-
lem is essentially one of matching the hall to the type of performance rather than
vice versa. Thus, a pattern of ideal hall sizes has evolved; characteristically,
any marked departure from this pattern results in half-empty houses, subsequent
loss of the artistic level of performances and a resulting drop in audience interest
and appreciation. For local stock opera, the indicated ideal facility size should be
approximately, 1600 seats; at the other end of the spectrum the realistic size
(primarily dictated by economics) for grand opera in the United States is about
3500 seats. (In Europe, where opera is subsidized, the ideal facility size is
closer to 2000 seats.) Thus, any facility that can be designed with maximum
flexibility (the capability of easily and temporarily reducing or expanding the num-
ber of seats with compatible adjustment of the stage opening and sight lines) will
be suitable for a wide range of events.
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2. Stage Size
The optimum size and opening of the stage varies greatly from intimate
dramatic presentations to grand opera or large-scale ballet. In the construction
of a facility, full consideration must be given to providing a stage with the proper
dimensions and proportions.
3. Distance of Spectators from Stage
It is generally agreed that 75 feet is the maximum distance for proper
viewing of a dramatic presentation. This figure can be substantially expanded for
opera or ballet, and if a facility is to be used for various types of events, provision
must be made for cutting off the rear part of the house when an intimate house is
required.
- 4. Acoustics
Acoustical requirements vary considerably, depending upon the type of
event. In a multipurpose, flexible hall, the cubic volume plays the most important
acoustical role.
The cubip volume of the hall has two important relationships to the
acoustics: first, tlle cubage of the hall- must be as small as possible to conserve
the energy produced by voice and musical instruments; second, the length of the
reverberation is directly dependent on the cubage. Reverberation is the persist-
ence or lingering of sound in a hall after the originating sound has ceased. This
acoustic effect arises from the multiple reflection of the original sound wave as it
strikes, the various surfaces of the hall. Thus, in a multipurpose hall some events
ideally require a short reverberation time while others require a longer time.
Table I lists optimum reverberation times for various events.
It can be seen that the solution to ideal acoustics is a highly complex one,
especially in the design of a multipurpose hall. The above comments on acoustics
are intended only to point out a few of the most important problems. Additional
factors, such as the shape and proportions of the hall and the tonal characteristics
of the hall (determined by the nature of the material finishes of the walls, ceiling
and floors) are also important. The final solution lies in the. hands of the acoustical
consultant and the degree to which his design recommendations can be followed.
ow 14
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TABLE I
OPTIMUM REVERBERATION TIME
(seconds)
Motion pictures 0.6 - 1.2
Lectures, convocations, and any other
activities using sound amplification
Musical comedy or related forms
Drama
Opera
Piano recital
0.6 - 1.2
1.0 - 1.4
1.0 - 1.4
1.2 - 1.6
1.2 - 1.6
Voice or violin recital, string quartet,
chamber orchestra
Symphony orchestra
(contemporary works)
Symphony orchestra
(Brahms, Wagner)
Liturgical choral music, organ
Medieval liturgical works
1.4 - 1.8
1.3 - 1.6
1.8 - 2.0
1.8 - 3.0 and up
4.0 - 8.0
[
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5. Dressing Rooms, Storage Space and Other
ArcnitecturalConsiaerations
Adequate facilities must be provided for the complete range of events
that are considered potential users of a new hall.
6. Lighting
Basically, the amount of lighting built into a new facility is contingent
upon the type of user event. Touring shows normally carry their own lighting and
require only a sufficient number of circuits and power in the house. Resident com-
panies naturally must have the lighting equipment built in as part of the facility;
if these are the principal tenants, the equipment should be designed to suit their
needs.
7. Promotion of the Facility
It is important to note that the success of any new facility will very
largely depend upon how vigorously and professionally it is promoted by both local
impresarios and also by the facility management.
B. RELATIONSHIP OF FACILITY REQUIREMENTS
TO TYPE OF EVENT
Because the most realistic solution calls for a multipurpose, flexible
hall, it is desirable to discuss briefly the facility requirements by various types
of events. These are summarized in Table II.
C. DAYS' USAGE BY SIZE OF FACILITY
Our selection of four size ranges or categories tends to represent a
concentration of demand, but there is considerable overlapping, which must be
taken into account when considering the alternatives. Actually, three basic build-
ing alternatives emerge upon analysis of user requirements:
1. 600 - 800 seats.
2. 1000 - 2200 seats.
3. 2800 - 4000 seats.
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TABLE II
I
PHYSICAL REQUIREMENTS OF VARIOUS EVENTS
Event
Dramatic
(primarily local
repertory and
stock)
Size
Normally not
exceeding
800 seats
Stage
Can be either
3/4-round or
proscenium,
but 3/4-round
type more
generally pre-
ferred
Type of Hall
and Dimensions
As intimate feel-
ing is required,
seats must be
quite close to
stage
Other
Small cast
r
"egitimate theater
A. Drama
B. Musicals
Small or light
opera
Grand opera and
.najor ballet
troupes
1100-1600 seats
1600-2000 (be-
cause of economic
pressures)
1600-2200 re-
quested by local
opera group
2000-2200 seats
in Europe - con-
sidered ideal
3500+ is neces-
sary in the U.S.
because of eco-
nomic pressure
Proscenium-arch
stage (40-50 lines
total)
Proscenium-arch
stage (50-60 lines
total)
Proscenium-arch
stage generally
used
Very large stage
required (wall-
to-wall width of
125 ft, depth of
80 ft, 80 sets of
lines)
No seat further
than 75 feet from
stage
Small cast
Large cast re-
quires extra dress-
ing room space,
orchestra pit, etc.
Up to 130 feet
from stage to
last seat
(ideally)
Very large cast
and orchestra re-
quire rehearsal
space, extra
dressing rooms,
etc.
Large touring
events
(misc.)
Same as grand
opera
Stage require-
ments usually
not as large as
above
Primary interest
is in hall large
enough to insure
financial success
rL
F
L.
r
L.
r
LVaries
F
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The first would be used for local small stock or repertory drama, the siecond for
locally produced events such as opera, ballet and smaller touring companies, and
the third for large touring events. However, to represent accurately the broad
range of answers to our survey, we have charted and discussed the usage and size
on the basis of four categories.
Figure 3 indicates the total currently realizable usage by each alterna-
tive facility and breaks down the usage by types of performing-arts events. It is
extremely important to note that these usage figures are those estimated by our
respondents and represent the sum of their estimates. In each of the alternatives
a certain percentage of the usage must be considered speculative and contingent
upon the success of individual promoters and producers to meet their respective
potentials and the ability of Boston to properly support each event. From left to
right the facilities and usage are as follows:
Category I. Total usage would be approximately 225 days annually.
Only one respondent indicated interest in a facility under 1000 seats (the Charles
Playhouse stock players). The present Charles Playhouse has a seating capacity
of approximately 300 and a 3/4 in-the-round stage. Their current season runs
some. 41 weeks per year, but it might be shorter if a larger facility were used.
This group has indicated interest in expanding its operations within the next sev-
eral years, and on this basis they would be the principal tenant of a small (0-999
seat) stock theater.
Category II. Total usage in this facility (1000-1999 seats) is estimated
to be 170 days for the first several years of operation, with an estimated potential
growth to approximately 200 days annually if all of the events are successful and
demand increases significantly for local ballet and opera presentations. It should
be noted that approximately 90 days of the events in this category are also included
in Category III facility on the assumption that the latter could be reduced in size to
under 2500 seats. The principal types of users for this facility would be:
1) events sponsored by the Cambridge Drama Festival; 2) local and touring opera
groups such as the New England Opera Association, the Opera Group, and the New
York City Opera; 3) ballet performances sponsored by the New England Conserva-
tory and others; 4) several weeks of legitimate Broadway productions, which
might desire to use the Arts Center because of a schedule conflict in existing fa-
cilities; and 5) meetings and other miscellaneous events, including lectures.
Future usage would include expansions by present users and productions of new com-
panies such as that proposed by the Metropolitan Opera. Plans are underway to
create a special opera company designed to perform in smaller halls. The works
given would be different from those of the standard Metropolitan repertoire, in-
cluding more'intimate works as well as modern or experimental works. Musically
the productions would be equal to the highest quality attainable.
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Many of the above events are already performed in Boston but in less
than ideal facilities. Making available a really suitable hall should contribute
significantly to the performances themselves and also provide the opportunity for
more people tQ see and enjoy these productions.
Category III. Total usage in this 2000- to 3499-seat facility is esti-
mated to be approximately 168 days, with a potential growth to 179 days after the
first several years of operation. The principal tenant in this category is again
the Cambridge Drama Festival, which was included in Category II. Naturally,
the Drama Festival requires only one facility; either II or III will meet its re-
quirements, provided approximately 2000 seats are made available. Miscellane-
ous events of the kind promoted by the large New York concert managers such as
Music Corporation of America and William Morris Agency raccount for the next
largest usage. This category includes dance troupes, individual "star" perform-
ers, popular orchestras, and others. Opera and touring ballet troupes also ac-
count for significant portions of this category and include the Opera Group, the
New York City Ballet, the Lyric Opera of Chicago (which is not yet touring but
hopes to do so in the future), the National Ballet of Canada, the New York City
Opera, the Metropolitan Opera's proposed new company, the Ballet Russe de Monte
Carlo, etc. Based on our estimate of the average days' booking per year over
several seasons for legitimate Broadway rerun productions that might realistically
use the new facilities, a Category III facility could expect several weeks of a
Broadway musical. It should be noted that some 40 days of usage included in this
category might shift to Category IV.
Category IV. Total indicated usage in this 3500+ seat facility is 65 days
annually, with an estimated long-range growth to 75 days. Most of the. use is con-
centrated around a requirement for 3500 seats and overlaps partially into the pre-
vious category. Principal events would be: 1) foreign touring ballet troupes such
as the Royal Ballet, the Bolshoi Ballet and the Royal Danish Ballet; 2) grand opera
such as the Metropolitan Opera of New York and the Lyric Opera of Chicago (these
events are also partially included in the previous category because they could use
the upper size end of that category); and 3) large musical events such as the
Handel and Hayden concerts, Chorus Pro Musica, jazz concerts, etc.
A certain portion of respondents in Category IV indicated that they would
be agreeable to using the proposed City Auditorium if it were available and properly
equipped. Consequently, a significant portion of the usage could be shifted over to
that facility if it provides the necessary stage facilities and proper acoustics.
In Figure 4 we have summarized the usage by totaling the demand, which
tends to "cluster" around three distinct facility sizes. Thus, the first cluster of
demand for a facility requires a size range of 600-800 seats with a total usage of
"WON 
.-
25
225 days. It would be used for stock or revrertory prodrwtions ami t i,- principoU
tenant would be the Charles Playhouse or a similar group. The second cluster of
demand indicates a facility with a size range between 1600 and 2500 seats, with
the main concentration of demand centering between 1600 and 2200 seats. To ar-
rive at its usage and size range, we analyzed the answers of all potential users
whose facility requirement centered around this size facility (2000). From their
answers, we totaled the days' usage for each size range. We found that the heavi-
est demand in this "cluster" is for a facility of approximately 2000 seats. How-
ever, there was also heavy demand for a 1600-2000 seat facility and some addi-
tional demand for one with 2000-2500 seats. Thus, the demand builds up through
these stages (1600-2500) to a total usage of 170 days for a facility with a seat
range of 1600-2500. However, we feel that little or no usage would be lost if the
facility had a size range of 1600-2200 seats.
The third facility (2800-4000 seats) was built up in the same manner
with the heaviest concentration of demand around 3500 to 4000 seats and with some
additional demand around 2800-3500 seats. When we lump these together, total
demand reaches 145 days annually. Much of the demand in this large facility may
shift into the proposed Boston Auditorium, subject to stage house and acoustical
revisions and acceptable scheduling.
Now if we superimpose these three facilities over existing facilities in
Boston (see Figure 5), we can see how they help to fill in some facility gaps that
exist.
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APPENDIX C:
t An Auditorium for Every Use:
Can It Be Built? "
By David Klepper
Reprinted from the May, 1961
Architectural and Engineering News.
USE:
AUDI EVERY CANIgTAN TO FOR BE BUILT?
RIUM BULLT?
by David L. Klepper*
The acoustical problems in the multi-purpose hall in-
crease with the degree of flexibility required of the
hall, but the basic principles of good hearing remain
the same. They are: exclusion of external noise; sat-
isfactory loudness in all seats at all frequencies;
proper distribution of sound; and adequate separa-
tion of notes and syllables. More and more multi-pur-
pose halls are being planned throughout the country,
and the author here discusses solutions to acoustical
problems inherent in the requirement for flexibility.
The word "auditorium" has been employed to de-
scribe a great variety of spaces, including anything
from a small 200-300 seat lecture room or theater
to 10,000-15,000 seat coliseums and exhibition halls.
What are some of the events that people are hopeful
will be accommodated by these buildings? We may
list the major ones as follows:
1 Lectures
2 Drama
3 Musical comedy
4 Opera
5 Instrumental recitals and chamber music
6 Vocal recitals
7 Orchestral concerts
8 Choral concerts
9 Organ recitals
10 Trade show and exhibitions
11 Conventions
12 Boxing and wrestling matches, basketball, ice
hockey, and other team sports
13 Rodeos, circuses, etc.
The first group of activities, 1 through 9, may be
grouped as the cultural events that are of primary
benefit -to the population within the city and its
environs. The next group, 10 and 11, are activities
which most often provide the economic justification
for constructing such a building and securing back-
*Mr. Klepper has been associated with Bolt, Beranek
and Newman, Inc., Acoustical Consultants, since
1957. He holds B.S. and M.S. degrees in electrical
engineering from Massachusetts Institute of Tech-
nology.
ing by business interests; it is hoped that exhibi-
tions, trade shows and conventions will lure people
to the city, increasing the income of its residents.
The last group includes those spectator sports that
are of primary interest to the city's population, but
again it is expected that certain of these activities
will draw people from considerable distances. In
general, we may say that the first group of activities
are seldom self-supporting, while the latter two
groups invariably are.
Acoustical requirements
In discussing a building designed to accommodate
a large number of these activities, we may first re-
view the different acoustical requirements. These
acoustical differences are, of course, only part of
the problem an architect faces when he attempts
to design a space flexible enough to be used for a
large number of activities. These differences have
their influence on acoustical criteria, and it is the
acoustical criterial that are perhaps the least obvi-
ous.
The acoustical environment for these activities
should provide adequately for live and amplified
sound. Sports. events require only announcements
which can conveniently be made over a well-designed
public address system. Trade shows, exhibitions, and
conventions, may include speech and music activi-
ties requiring good hearing conditions for both, but
no one will object to the use of sound amplification
as necessary for these activities. Sports coliseums
and exhibition halls may, therefore, be large enough
to be economically feasible without hearing condi-
tions necessarily being compromised. The acoustical
design of these spaces remains comparatively
straightforward requiring only:
a The proper location, orientation and selection
of loudspeakers and other sound amplification
system components,
b adequate quieting of noise from mechanical
equipment and outside the building, and
c suitable treatment of the interior surfaces of
the space to insure control of reverberation and
elimination of echo.
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There is, in any case, no inherent acoustical limita-
tion on the size of such sports coliseums and exhi-
bition halls.
It is for cultural activities that "quality versus
quantity" becomes an important consideration.
These activities use sound amplification only inci-
dentally to supplement natural sound. Even when
the acoustical engineer has complete control over the
shaping and materials of the interior surfaces, there
is a maximum size "house" for any of these activi-
ties, above which quality will fall off.
The equations illustrating the relationship of
sound intensity level to the absorption present in
the room and the power level of the sound source
are available in acoustical textbooks. We can easily
realize, however, that any sound source, whether it
is a human voice, a violin, or a whole symphony
orchestra, is capable of producing only a given
amount of sound power, and that a larger capacity
auditorium, with a greater amount of sound-
absorbing audience, will result in a lower average
sound intensity level at the ears of the audience.
All the cultural activities we are discussing, from
lectures through dramatic presentations and opera
performances to orchestral concerts, require the
listener to hear the program over a wide dynamic
range. When an actor shouts he should be heard
loudly; when an orchestra plays fortissimo, it
should be heard fortissimo. Likewise, when the
actor is whispering, his voice should continue to be
heard intelligibly by the audience, and a pianissimo
orchestral passage should not disappear into the
audience background noise or the background noise
of a ventilating system.
Background noise
Too much stress cannot be placed on background
noise as being a determining factor in the maximum
size of an auditorium for "live" activities. Not only
must we consider the background noise within the
auditorium, but the noise environment the audience
is accustomed to in the auditorium's surroundings.
A 6000 seat concert hall is successful at Tanglewood
primarily because the concertgoer has grown accus-
tomed to the absence of normal city noises and Tan-
glewood's Berkshire Mountain environment. A low
background noise level within the Music Shed, re-
sulting both from the attentive audience and, the
avoidance of any mechanical air handling system,
then allows the softest pianissimo passages to be
heard clearly by the entire audience within the
Shed and the contrasting fortissimo passages to be
heard as loud, even though the actual loudness levels
achieved in the hall are 8 or 9 db less than those
heard by listeners in Boston's Symphony Hall.
Work on a wide variety of auditorium projects
has suggested the following guide for the maximum
sige "house" that will allow optimum hearing con-
ditions without amplification for various uses.
SEATS
1
2
3
4
5
6
7
8,
Lectures 1200
Drama (assumes trained actors) 1800
Musical comedy 2100
Opera 2200
Instrumental recitals and chamber
music 1500
Vocal recitals 2200
Orchestral concerts 2200
9 Choral concerts and Organ recitals not
(depends greatly on size of choir, deter-
type of organ, period of music, etc.) mined
(Continued on page 12)
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The above seating capacities are only to be taken
as a rough guide. They are based upon modern seat
spacing; more people can be accommodated with
no real change in the acoustical characteristics if
the tighter and less comfortable seat spacing of
older halls is employed. Larger houses that are suc-
cessful are, of course, possible, but the compromises
inherent in larger auditoriums are illustrated by
the fact that most actors, conductors, and informed
critics rate as acoustically excellent only those halls
with seating capacities not exceeding the ranges
listed above.
Reverberation time
We can see that even with the "cultural" uses of
an auditorium there are certain conflicts as to the
proper size. There are other acoustical conflicts as
well. The optimum reverberation time differs for
auditoriums having different uses. Considerable ex-
perience in the design of auditoriums indicates the
following optimum mid-frequency reverberation
times again as a rough guide:
SECONDS
I Lectures 0.9 -1.1
2 Drama 0.9 -1.5
3 Musical comedy 1.2-1.5
4 Opera 1.5 - 1.8
5 Instrumental recitals and
chamber music 1.4 -1.8
6 Orchestral concerts 1.8 - 2.0
7 Vocal recitals 1.5 -1.8
8, 9 Choral and organ concerts (the
upper limit depends largely upon
period of music, etc.) 2.0 minimum
Note that the figures above are for the mid-
frequency reverberation time in the frequency range.
500-1000 cps. The spaces for music' performance
should generally have a higher reverberation time at
lower frequencies, and nearly any auditorium will
have a lower reverberation at higher frequencies.
The lower values of the reverberation time ranges
suggested above are for comparatively small audi-
toriums, approximately 1000 seats or less, while
the higher value in each case is for the largest size
considered optimum for the particular use. Again,
we must remember that these are a general guide
to optimum reverberation times and that satisfac-
tory (as opposed to outstanding) results can be
obtained outside of the above values.
Reflection and diffusion
We discussed the conflicts that arise concerning
optimum size and optimum reverberation time for
the different "cultural" uses of a multi-use audi-
torium; now let us review two other conflicts worth
mentioning. Orchestras and choruses must be sur-
rounded by a heavy sound-reflecting enclosure. In
addition to reflecting sound to the audience, this en-
closure should be carefully designed to mix and
blend sound energy so th4t the conductor or any
member of the audience hears the entire orchestra
or chorus, not just a portion of it. Heavy enclosures
are necessary to reflect (and therefore mix and
blend) low frequency sound energy in addition to
high frequency sound energy. Yet, the entire enclo-
sure must be moved out of sight and out of the way
to permit the employment of scenery for drama,
opera, or musical comedy.
More subtle than any of the three previously
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mentioned conflicts is the difference in the direc-
tional characteristics of the sound energy arriving
at the listener's ear that is optimum for these vari-
ous uses. Speech activities are most intelligible and
most natural sounding when all sound energy ap-
pears to come from the direction of the person
speaking, while the emotional impact of orchestral,
choral, or organ music is greatest when a listener
is literally surrounded by sound. This does not mean
that a listener should hear a rear wall echo, but
researchers in concert hall acoustics both in Europe
and in this country have found that some return of
sound energy from the rear of the hall to the listen-
ers' ears creates a desirable subjective liveness apart
from the liveness associated with the room rever-
beration time. By careful design, such a return of
sound energy is possible without an obvious echo.
On the other hand, the sound-reflecting surfaces
most important to high speech intelligibility as well
as music intelligibility (sometimes zcalled "defini-
tion") are those that provide "close-in" reinforce-
ment of sound from the front of the auditorium.
By "close-in" we mean that the reflected sound en-
ergy should reach the listeners' ears within 30
milliseconds after the direct sound energy. Sus-
pended sound-reflecting panels are often required
to provide this reinforcement.
To illustrate possible acoustical design solutions
to the conflicting requirements of a multi-purpose
auditorium, we shall review two typical projects.
The first, a 10,000 seat "auditorium," provides
means for presenting cultural activities, with satis-
factory results, in a building designed basically for
sports, exhibition, and convention events. The
second, a 2700 seat auditorium, illustrates methods
for assuring really good hearing conditions for a
variety of cultural activities in one auditorium.
10,000 SEAT AUDITORIUM
Support for this hypothetical project was enlisted
from citizens interested in furthering the city's
cultural activities, in improving facilities for spec-
tator sports, and in providing facilities for conven-
tions, trade shows and exhibitions. Fortunately,
the building is located away from airports, primary
waterways, or railroad lines, and the site does not
pose any particular problems for isolation of ex-
terior noise. Also, the architect has decided to avoid
a shape inherently unsatisfactory acoustically, such
as a dome, thus simplifying the acoustical engi-
neers' task. (See plan and section, page 18.)
In general, the wall and deiling surfaces of a
large coliseum or exhibition building are too far
away from the performers or audience to act as use-
ful sound-reinforcing surfaces. Sound energy re-
flected from these surfaces is heard as an echo,
interfering, rather than reinforcing speech intel-
ligibility. The basic acoustical design of this space,
therefore, includes the treatment of as much as
possible of the interior boundary surface of the
room with sound-absorbing material.
The ceiling is constructed entirely of a sound-
absorbing formboard. The material serves an acous-
tical function in addition to a structural function.
The absorption coefficient of this material is suf-
ficiently high (.50 to .70 in the mid-frequency range)
to eliminate any possibility of echoes from the
ceiling. Interruption of this sound-absorbing treat-
ment by concrete beams or roof trusses or the
sound-reflecting panels hung vertically is not par-
ticularly critical in terms of the area occluded. This
material may be employed as formwork for a poured
concrete ceiling and then left in place, or, alter-
nately, it may be employed as the structural ceil-
ing material, spanning up to 8 ft. gaps between
roof joints, with the visual built-up roofing above.
Considerable wall treatment is required to elim-
inate echoes both from the announcements of sports
events, exhibitions, etc., and for stage production.
It is very important that the sound-absorbing treat-
ment be reasonably efficient throughout the speech
frequency range (300-4000 cps), and this require-
ment rules out most of the "applied" materials such
as acoustic plaster.
With the majority of the wall and ceiling sur-
faces treated, we can be sure that the acoustical
properties of this large space will somewhat ap-
proximate that of the outdoors. This is the best
we can hope for in the large exhibition hall, sports,
or convention space; but it is not the desirable
acoustica. environment for either a theater or a
concert hall.
Movable enclosures
Conversion of this large "outdoor-like" space into
a theater or opera house can be accomplished to
some extent by the use of suspended sound-
reflecting panels and portable or movable side walls
that actually form a lower and narrower sound-
reflecting enclosure when the space is used for
important stage productions. A third movable de-
vice is the stage orchestral enclosure which is em-
ployed along with the suspended panels and mov-
able side walls in the main space for orchestral,
choral, or chamber music concerts.
Let us explore the reasons why these three ele-
ments must be made movable. The suspended
sound-reflecting panels are designed to provide
optimum reinforcement from the stage end of the
space. Therefore, when they are lowered, the room
assumes a non-symmetrical appearance undesirable
for athletic and exhibition events. To increase the
amount of ceiling sound-absorbing treatment ex-
posed, they are hung vertically for sports, conven-
tion, or exhibit activities.
The movable side wall panels actually eliminate
about 1000 seats when they are in place for the-
atrical or concert activities. Loss of these seats for
such activities is, if anything, desirable since these
seats are too far to the sides of the stage to be
satisfactory either acoustically or visually. The
sound-reflecting side walls must be movable, how-
ever, to allow these seats to be used for sports
events, conventions, exhibitions, trade shows, and
similar activities.
The heavy stage enclosure that forms the "hard
sending end" for an orchestra for choral group must
be removed to allow the stagehouse to be used for
stage productions requiring scenery. These activi-
ties include not only legitimate drama, musical
comedy, and opera, which will continue to employ
the movable walls and ceiling panels in the main
space, but also include certain stage productions
that will rely on sound reinforcement to provide a
satisfactory acoustical environment during conven-
tions and trade shows. The stare itself must be
capable of handling anything from automobiles to
singers!
In our example, the suspended sound-reflecting
panels are lowered in place by the use of pulleys
mounted in the truss space immediately below the
roof. Whether in the raised or lowered position, the
suspended sound-reflecting panels form the "visual"
ceiling of the auditorium. with the truss space above
painted flat black. Lighting is accomplished by fix-
(Continued on page 17)
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tures mounted within the sound-reflecting panels
and by fixed down-lights suspended from the ceiling
structure. Air is supplied to the clear space above
the sound-reflecting panels. The weights of these
sound-reflecting panels are determined by the re-
quirement that they must reflect low frequency
sound energy, down to 35 to 50 cps for orchestral
music.
Similar weight requirements exist for the sound-
reflecting movable side walls. Here, these panels are
all oriented vertically, the solution employed uses
hung sound-reflecting lead impregnated draperies
having a surface density of approximately 3 #/sq.
ft. These "hung walls" are cut to fit the seating
slopes as required, are hung in place when the
auditorium is used for cultural activities, and are
stored elsewhere during other uses.
The stage
The movable orchestral stage enclosure employed
in this auditorium comprises wall panels and the
ceiling panels. The sides and rear walls of the en-
closure are made up of a series of hard wood panels
each 5 ft. wide and 30 ft. tall. Braces are located
at the back of these panels. Underneath the panels
are frameworks incorporating four small wheels
allowing the walls to be wheeled into position by
two men. These wall panels are useful for other
events besides orchestral and choral concerts. They
can be used to provide a shallow enclosure, with-
out a ceiling, for a solo singer or instrumentalist.
They are far superior to sound-absorbing draperies
as a back drop for jazz and popular musicians, pro-
viding mixing and blending of sound energy that
is desirable even when amplification is employed.
The number of combinations in which they may be
employed, either by themselves or with the sus-
pended stage sound-reflecting panels is too numerous
to mention, and every stage show suggests new pos-
sibilities for their use.
The suspended sound-reflecting stage enclosure
ceiling panels are constructed of %" plywood, fire-
proofed. These are lifted high in the stagehouse
and hung vertically when they are not in use to
free a maximum amount of space for hanging
scenery. Only half the number of stagehouse lines
are required to carry them when they are hung
in this position as compared with the nearly-
horizontal position they assume when in use.
What kind of results can the audience within this
auditorium expect? Certainly, the acoustical envi-
ronment of the hall will not be identical with the
finest concert halls or opera houses, buildings spe-
cifically designed for particular purposes. However,
listeners in the forward half of the auditorium will
hear a mixed and blended sound from an orchestra
or choral group, or a warm sound from an opera
singer enriched by the multiple sound reflections
from the wall and ceiling panels that will be quite
satisfactory. Even actors should be heard clearly,
without sound amplification, by a majority of listen-
ers in these forward seats. Amplification will, of
course, usually be required to allow everyone
throughout the auditorium to hear clearly, but this
amplified sound will only reinforce, not replace, the
live sound. With careful design and operation of
the system, the audience need not even be aware
that the sound is being amplified. The location of
the loudspeakers for reinforcement of stage pro-
(Continued on page 18)
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ductions, at the center of the proscenium opening,
will help this illusion.
Other events
When non-cultural, mass-audience events take
place in this hall, the sound-reflecting side walls'will
be removed and the sound-reflecting ceiling panels
will be raised. This will be not unlike the outdoors,
and hearing conditions will depend upon the proper
installation and operation of the sound amplifica-
tion system. Two distinct sound-reinforcing sys-
tems are available for use during these activities.
One is the loudspeaker cluster located over the
center of the proscenium opening, used for rein-
forcement of cultural activities and also usable for
stage productions in conjunction with exhibits or
trade shows. For announcements, background music,
etc., a central loudspeaker cluster will be used.
2700 SEAT AUDITORIUM
The other typical auditorium shown was planned
on a more realistic basis. The basic decision to
"separate the aesthetes from the athletes" was made
in the basic planning stage, and the auditorium is
to accommodate only the city's cultural activities.
In a building primarily for cultural activities, the
citizens expect somewhat better results than merely
a "satisfactory" auditorium or concert hall; they
expect a good theater and a fine concert hall, despite
their being combined into one building.
The auditorium is designed to accommodate a
2700 seat audience, the largest expected for tour
concerts of major symphony orchestras or per-
formances by regional opera groups. The entire
capacity of the hall is also expected to be employed
by touring musical comedies. Because of the im-
portance of concerts in the cultural life of this city,
the interior design has been based upon the most
successful concert halls, and the auditorium, as set
up for orchestral or choral concerts, is basically a
long, hard rectangular box with sound diffusing and
scattering splays on ceiling and wall surfaces. Two
elements, the suspended sound-reflecting ceiling
panels and a movable orchestral stage enclosure are
somewhat similar to the large 10,000 seat audi-
torium discussed earlier.
For use as a more intimate theater or chamber
music recital hall, the auditorium's sound-reflecting
ceiling panels are lowered to reduce the visual and
acoustical height of the auditorium, and a visual
screen is used to close off the upper portion of the
balcony. Now, as a 1600 seat hall, the sight line
from the most distant member of the audience is less
than 100 ft. The close-in reinforcement of reflected
sound energy provided by the lowered ceiling panels
now assures that hearing conditions for live speech
are excellent throughout the reduced size audi-
torium.
Depending upon the program presented, the
orchestral stage enclosure may or may not be em-
ployed. The hard enclosure that surrounds the
orchestra or the chorus on the stage must, again,
be movable to allow scenery to be employed for
plays, musical comedy, or opera. In this auditorium,
the ceiling of the movable stage enclosure is broken
into two component parts, the forward portion,
roughly 55 ft. x 10 ft., is flown in a manner similar
to the orchestral enclosure ceiling panels of the
10,000 seat auditorium. The rear portion of the
stage enclosure ceiling, however, is merely folded
back against the rear wall of the stagehouse. The
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side walls of the stage enclosure are easily moved
out of the way on a curved track and stored up-
right against the rear wall of the stagehouse wings.
The back wall ofthe stage enclosure is permanent;
it is merely the rear wall of the stagehouse itself.
Reverberation time adjustable
Adjustable sound-absorbing treatment in the
upper side and rear walls of the auditorium is avail-
able to reduce the reverberation time of the hall to
the optimum characteristics of speech activities. The
ratio of the over-all volume of the hall to the seat-
ing area allows a greater than 1.8 second reverbera-
tion time to be acheved when the hall is used for
orchestral music. Yet, even with a reduced size
audience of only 1600, the reverberation time can be
lowered by use of the adjustable sound-absorbing
treatment to 1.2 seconds for lectures or dramatic
productions.
Not strictly part of the adjustable acoustical
treatment of the auditorium, the visual curtain can
close off the upper rear balcony of the auditorium,
effectively removing 1100 seats from the visual in-
terior of the auditorium. The only acoustical re-
quirement for this removable visual rear wall is
that it be either sound-transparent or sound-
absorbing. Sound energy that passes through this
visual screen is absorbed by the upholstered seats
behind and the adjustable sound-absorbing treat-
ment on the rear wall.
We may expect the adjustable sound-absorbing
treatment, together with the hinged ceiling of sus-
pended ceiling panels, the movable stage enclosure,
and most important of all, the basic shape of the
auditorium, will assure that an excellent theater,
concert hall, and opera house will be combined in one
building. Supplementing the naturally excellent
acoustics of this building for its various major uses,
a central loudspeaker system, acoustically integrated
with the room acoustics design, over the center of
the proscenium arch will be employed to provide re-
inforcement for weaker voiced lecturers or to provide
speech coverage for the entire 2700 seat auditorium.
The acoustical conditions for each of the different
uses of the auditorium may not be exactly optimum,
but they will be very reasonably close.
If the conflicting requirements of the different
uses of an auditorium are recognized in advance,
detailed acoustical engineering can provide satis-
factory and even very good results. Reducing the
range of activities can allow a compromise more
favorable to those remaining. The acoustical meas-
ures discussed in this article require detailed col-
laboration between the architect, theater consultant,
acoustical engineer, structural engineer, lighting
specialist, and others, if they are to make their
proper contribution to the finished building.
Acknowledgment is given to the architects cur-
rently collaborating with the author's office on
projects similar in some respects to the examples
discussed in this article. These architects include
A. G. Odell, Jr., and Associates of Charlotte, North
Carolina; Hoyle Doran and Berry of Boston, Massa-
chusett8; Biggs, Weir and Chandler and Overstreet
Ware and Ware, Associated Architects in Jackson,
Mississippi; and Lyles, Bissett, Carlisle and Wolff,
Architects in Columbia, South Carolina. Theater
consultant, George Izenour, of Yale University
School of Drama, has been responsible for the de-
sign of the many mechanisms for adjustable devices
similar to those discussed in this article.
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FIGURE 1-PLAN AND LON-
GITUDINAL SECTION OF
THE 10,000 SEAT AUDITO-
RIUM.
Acoustical measures include:
1. Sound-absorbing formboard
roof deck.
2. Sound-absorbing rear wall
-and side wall treatment.
3. Suspended sound-reflecting
ceiling panels shown (solid)
in lowered position and
(dotted) in raised position.
4. Ceiling of orchestral stage
enclosure shown (solid)
lowered and (dotted) raised.
5. Walls of orchestral stage en-
closure supported on wheels
for ease of removal.
6. Removable side walls corn-
structed of lead curtain
material.
7. End or proscenium loud-
speaker cluster for rein-
forcement of stage activi-
ties.
8. Central loudspeaker cluster
for amplification during
sports and arena events.
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FIGURE 2-PLAN AND LONGITUDINAL SECTION OF
THE 2700/1600 SEAT AUDITORIUM.
Acoustical treatment and adjustable features include the
following:
1. Hinged sound-reflecting ceiling panels shown (dotted)
in the lowered position and (solid) in the raised
position.
2. Fixed sound-reflecting ceiling panels.
3. Adjustable side wall and rear wall sound-absorbing
treatment (for lower drape).
4. Forward portion of stage enclosure ceiling shown
(solid) in place and (dotted) flown in stagehouse.
5. Rear portion of orchestral enclosure ceiling shown
6.
7.
(solid) in place
of stagehouse.
and (dotted) folded against rear wall
Side walls of stage enclosure shown (solid) in place
and (dotted) stored on track in stagehouse wing.
Sound-transparent rear wall curtain shown (dotted)
in position hiding rear 1100 seats.
8. Central loudspeaker system for reinforcement of
stage activities.
Definition:
The reverberation time is defined as the time required for
the sound energy density to decay 60 db, that is to 10-6
of the original value.
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APPENDIX D:
"Auditorium Acoustics for
Music Performance"
by Russell Johnson
Reprinted from the December, 1960
Architectural Record.
AUDITORIUM ACOUSTICS
FOR MUSIC PERFORMANCE
by Russell Johnson,* Bolt Beranek and Newman, Inc.
Consultants in Acoustics
In the classic tradition: Grosser Musikvereinsaal, Vienna. Today's trend: Queen
Elizabeth Theatre, Vancouver, a multi-purpose auditorium (plans on page 162)
a
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Rapidly growing interest in the per-
forming arts has stimulated the
building of concert halls, theaters,
opera houses and, particularly, multi-
purpose auditoriums throughout the
country. Contrary to some opinion,
the acoustic design for these various
facilities is not in any sense a cut-
and-try process with a bit of magic
thrown in to make some arbitrary
shape work.
Rather, the acoustical characteris-
tics of a hall designed for the per-
formance of music are fixed by the
size and shape of the hall, the mate-
rials used in it, and the nature of the
stage enclosure. And recent studies
have determined not only which halls
throughout the world are most pre-
ferred, but also the acoustical rea-
sons why they have made an almost
universally favorable impression.
Ideally, each of the performing
arts should have its own hall if the
acoustics are to be "perfect." But un-
fortunately, economics often dictate
a multi-purpose auditorium which
must accommodate everything from
symphony to musical comedy to lec-
ture-and which must be consider-
ably larger than the classic concert
hall or opera house. When this is the
case, the architect, acoustical con-
sultant and owner must determine
which activities are most important;
design the acoustics primarily for
these; and make whatever provisions
are feasible to get the best possible
acoustical environment for the re-
maining uses.
SIZE VS. ACOUSTIC QUALITY
The most difficult concept to com-
municate to the public and to many
architects is that it is not possible to
take a space of any arbitrary size and
make it into a good concert hall or
opera house or multi-purpose hall.
As a matter of fact, the size (cubic
volume) of the hall is perhaps the
single most important factor in de-
termining its acoustical quality, first
because the cubage affects the length
of the reverberation time, and sec-
ond, because the size of the hall must
be properly related to the "size" of
the source in order to conserve the
energy produced.
Unfortunately, the size of a hall is
equally crucial in terms of box office
income. Economic pressures are so
* The text has been adapted from a two-part
article which appeared in Musical America,
February and March, 1960.
A book Music Hall Acoustics by Dr. L. L.
Beranek is now in preparation.
Architectural Engineering
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Dr. Eduardo Torroja, Spain's famed architect-engineer, told a recent meeting of
the California Council of the A.I.A. that, in his opinion, stepped-up economic
and industrial pressures requiring an increased use of prefabrication rank high
among the many forces shaping present-day architecture. "It is necessary to
pass on to the specialized workshop a large part of the total project and thereby
reduce the cost by large-scale use of standardized units and mechanized labor."
Further intensification of the trend toward increased automation through pre-
fabrication is particularly important, he pointed out, since the problem of efficient
site assembly is less easily solved. If field labor costs are not reduced, or offset
by greater use of factory-produced components, the risk that the building indus-
try will tend to be much more expensive than others will continue. This problem
Torroja termed "perhaps the most serious one facing architecture."
The 6th annual convention of the Prestressed Concrete Institute held in New York
gave convincing evidence that the problems-and possibilities-of prefabrication
in building have not gone unnoticed at least by this segment of the industry. As
if in anticipation of Torroja's prediction that efficient field assembly will be
increasingly the key to economical building, many of the speakers addressed them-
selves to the techniques and economics of assembly and erection. Canadian con-
sulting engineer Laurence Cazaly, for example, told the audience that "Neat Joints
Are Good Business" and that joint and erection details should be given painstaking
consideration by the top echelons of the design team. He dramatized this thesis
with an only slightly tongue-in-cheek definition of a "neat" joint: "If a joint
can be fabricated by a welder just going on vacation, placed in a mold by a car-
penter with a linen tape, erected with the only piece of equipment within 50 miles
on a rainy day by a man who has just quarreled with his wife; and if the engineer
pronounces it safe, the architect says it is beautiful, and it did not cost you
more than $5.00," he asserts, "rest assured that the design was a good one."
The real hymn to the joint, however, was sung by Louis I. Kahn, F.A.I.A., in
discussing his approach to the design of the trend-setting Medical Research Build-
ing at the University of Pennsylvania (ARCHITECTURAL RECORD, September 1959;
August 1960). "I began to realize," he said, "that the event of these large pieces
coming together is the point from which wonderful decoration can occur . . . the
beginning of ornament. It is not an applied thing, [but] stems from a strategic
consideration of a building . . . from a challenge against the elements . . . from
water tending to destroy the building, sun tending to make the building uncom-
fortable. Prestressed concrete should try to consider the joint-making not as a
form of homogenizing one member with another but as a construction of itself."
The International Conference of Building Officials has formally approved the in-
clusion of prestressed concrete in the Uniform Building Code, one of the four
model codes in the U. S. The section of this code covering prestressed concrete
was first approved by the Structural Engineers Association of California. Other
news involving prestressing and building regulations comes from New York and
Chicago. While the New York City Building Code does not cover prestressed con-
crete, a provision in a temporary code set up for the 1964 World's Fair will permit
its use. The Chicago Building Department, which earlier in the year forbade the
use of prestressed concrete in buildings, changed its regulations in late August
to permit it for most types of construction; excluded are industrial plants where
there is "more than the average risk of fire."
AUDITORIUM ACOUSTICS FOR MUSIC, p. 158. TIME-SAVER STANDARDS:
Metal Domes, p. 166. BUILDING COMPONENTS: Preventing Cracks in Plaster
Ceilings, p. 173. Product Reports, p. 175. Ofice Literature, p. 176.
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SYMPHONY HALL, BOSTON
Symphony conductors rate these classic-shaped concert halls as
the two best. Note the rectangular plan and parallel walls
great in the planning and operation
of new halls that building owners
sometimes have a desire to throw in
the sponge: build a hall large enough
to pay off expenses readily, and solve
the acoustical problem with the abra-
cadabra of masonry bowls or broken
glass beneath the auditorium floor or
some other nostrum.
But the solution is not that easy.
In general, the halls and opera hous-
es with the best acoustics are smaller
in terms of cubic volume, seating ca-
pacity and floor area allotted per
seat than auditoriums being built to-
day. The halls listed in Table I in bold
face have received almost universal
praise-and negligible criticism. The
areas occupied by seats and aisles
range from 8000 to 16,000 sq ft (bold
face in table)-or 4.7 to 6.8 sq ft per
seat-as compared with the 7.0 to 8.0
sq ft per seat allotted in many con-
temporary auditoriums.
Translated into present-day stand-
ards of seat spacing, these halls
would seat between 1500 and 2200
people. For example, Boston Sym-
phony Hall seats 2631 people, but its
smaller seats, smaller row-to-row
spacing in the balconies and narrow
aisles could not be built today. If it
conformed with current public safe-
ty codes and comfort standards, it
would hold about 2200 people.
As might be expected, the highest-
rated concert halls have, in addition
to their relatively low seating capaci-
ties, relatively small volumes-rang-
ing from 352,000 to 662,000 cu ft.
Similarly, conductors' ratings of
halls used for opera production
(Table II) relate directly to cubic
volume, the highest-rated being in
the neighborhood of 300,000 to 400,-
000 cu ft.
It is impressive to see how ex-
tremely small these halls are com-
pared to some of the giants that are
being built in the United States, but
it is far from unexpected. Since all
instruments or ensembles have some
reasonable output, to obtain optimum
acoustics for various types of music
performances the cubage of the au-
ditorium must be matched to the
musical sources, or vice versa.
Assuming that no sound absorbing
materials are installed, the musicians
performing in a concert hall of 900,-
000 cu ft must produce 80 per cent
more sound than in a hall of 500,000
cu ft to obtain the same musical ef-
fect. This is of particular interest
since most of the acoustically out-
standing halls have cubages in the
neighborhood of 500,000 cu ft, where-
as halls built today are frequently as
large as 900,000 cu ft to 1,000,000 cu
ft and even more. However, some of
the concert hall-opera house-theaters
built recently have rather low seating
capacities, and many of them can
be expected to have good acous-
tics if other acoustical precepts are
not ignored. A few of these are:
Municipal Theater, Munster, West
Germany (opera house-concert hall-
theater), 955; Concert Hall, Stock-
holm, 1110; Kanagawa Concert Hall,
Yokohama, 1331; Opera House, Co-
logne, 1400; Municipal Theater, Mal-
mo, 1695; Tivoli Concert Hall, Co-
penhagen, 1840.
The seating capacity and size of
tle hall usually receive some consid-
eration during the early planning
stages of new halls, although in many
cases, box-office economics exert a
controlling influence that never loses
its grip on the design. The men who
represent the box-office side of the
story carry a big stick, so why is it
that all halls are not designed on the
basis of box-office income? The an-
swer is simple-the building owner
(or sponsor or principal tenant)
wants good acoustics plus enough
seats to pay, according to his calcu-
lation, initial costs and operating
and production costs. These two fac-
tors must be balanced intelligently
by the building owner. He must de-
cide, with the help of the acoustics
and economics counsel, how to divide
the emphasis between income and
acoustical excellence. Perhaps only
with subsidy, as heavy as that which
ARCHITECTURAL RECORD December 1960 159
0
0D
2631
1486
598
547
ORGAN
SEATING CAPACITY 2993
630
606
105
572
.(
ACADEMY OF MUSIC, PHILADELPHIA TEATRO ALLA SCALA, MILAN
"EET Excellent" is the rating given by conductors for opera in
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Concert managers often point out
that it is questionable to build a con-
cert hall that will not seat all the citi-
zens who would like to hear a par-
ticular performance. In rebuttal, the
building owner often responds that
the hall must be designed with all the
activities to take place therein in
mind; that it should not be planned
only around the attractions that tax
the seating capacity.
In any case, every city is unique,
and all building sponsors must make
their decisions on the type of hall to
be built, seating capacity, etc., on the
circumstances that prevail in the par-
ticular city.
EFFECT OF REVERBERATION
Reverberation is the persistence or
lingering of sound in a room, hall or
chamber after the originating sound
has ceased. This effect arises from
the multiple reflection of the original
sound wave as it strikes the various
surfaces of the hall: the floor, ceil-,
ing, walls. Each time the sound wave
hits a surface, a portion of it is ab-
sorbed, and thus the sound gradu-
ally dies out.
Assuming that a multi-purpose
hall is to be built, one of the first
questions the acoustic designer asks
the building owner and architect is:
what activities will take place, and
what is the relative importance of
each type of activity?
The activities that are ordinarily
housed in a multi-purpose theatre
can be divided into two categories:
(1) a group requiring a relatively
short reverberation time-lectures,
musical comedies, any activity using
sound amplification, opera, assem-
blies, motion picture exhibition; and
(2) another group requiring a rela-
tively long reverberation time-or-
gan, orchestra, chamber music, voice,
violin and piano recitals, string in-
strumental groups. Although there
are many acoustical design considera-
tions other than reverberation time,
the reverberation time is still the
most useful key to gauge how satis-
factory or unsatisfactory the acous-
tics of a hall are for various types of
speech activities and music perform-
ances.
Within reasonable limits, the in-
telligibility of speech improves as
the reverberation time is decreased.
On the other hand, the acoustic en-
vironment for music considered best
by both performers and listeners re-
quires more reverberation. Organ
and choral music require more rever-
beration than other forms of music.
A piano, or an orchestra performing
contemporary music have the most
suitable acoustical environment when
reverberation time is on the short
side of the range for musical per-
formance.
Opera and other musical theatre
productions are a combination of mu-
sic and speech, and accordingly, the
reverberation time that should be
provided for this type of activity is
between that for music and that for
speech. With such basic conflicts, it
is obvious that ideal acoustic environ-
ment cannot be provided for all of
the activities that take place in a mul-
ti-purpose theatre.
In addition to the varying opti-
mum reverberation for speech, mu-
sic, lyric theatre, etc., there is con-
vincing evidence from subjective tests
that acoustical preference varies with
the type of music, ranging from a
preference for high definition for
some composers such as Mozart to
fullness and blending for, say,
Brahms.
Table III indicates the range of
reverberation time (at 500-1,000 cps)
generally suitable for various activi-
ties that take place in multi-purpose
halls. At first sight, the differences
between some of the reverberation
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times listed below may seem ridicu-
lously small, but if it is remembered
that these are decimal parts of a sec-
ond; and if it is borne in mind that
in speech and music we are dealing
not with just one sound reverbera-
ting, but with successions of sounds,
each reverberating, it will be clear
why a difference of 0.5 of a second is
so vital.
The best concert halls, with full
occupancy at mid-frequencies (500-
1000 cps), have relatively long re-
verberation times-between 1.8 and
2.1 seconds. Optimum reverberation
for opera is lower. (These numbers
are by modern measurement tech-
niques. Frequently higher numbers
have been associated with existing
halls, but many of the numbers pre-
viously published have been proven
erroneous.)
Once the seating area and the cub-
age of the hall are fixed, the maxi-
mum reverberation time is automat-
ically determined. Assuming that no
or very little sound absorbing mate-
rials are installed, the ratio of volume
to audience seating area must be 45:1
for 1.8 seconds reverberation (con-
cert) ; 36:1 for 1.4 seconds in the
mid-frequency range (opera) and
32:1 for 1.3 seconds in the mid-fre-
quency range.
The formerly universally used ra-
tio of volume per seat has been prov-
en invalid, and thus removes a stum-
bling block that has plagued acoustic
designers for decades. Dr. Beranek's
research has shown that audience ab-
sorption should be calculated on an
area basis, rather than on the former
per person basis. Application of this
technique results in significantly low-
er calculated reverberation times, par-
ticularly in newer halls with larger
seating spacing.
The new, more accurate methods
for calculating the sound energy ab-
sorption by the audience and the per-
forming group present are particu-
larly important because practically
all of the sound absorption present in
a concert hall is provided by the au-
dience. Seated audiences in halls with
a larger seating spacing absorb more
sound by a factor of as much as two
than was previously thought. This
new technique produces reverbera-
tion calculations considerably closer
to the measured data on existing
halls than calculations made on the
per person basis (usually expressed
in terms of volume per seat).
The profile of a hall intended to
TABLE I
Halls
Festspielhaus
Bayreuth
Theatre de 'Opera
Paris
Staatsoper
Vienna
Academy of Music
Philadelphia
Teatro Colon
Buenos Aires
Eastman Theatre
Rochester
A
Halls
Stadt-Casino
Basel
Gewandhaus
Leipzig
Musikvereinsaal
Vienna
St. Andrews Hall
Glasgow
Symphony Hall
Boston
Philharmonic Hall
Liverpool
Kleinhans Hall
Buffalo
Jubilee Auditorium
Edmonton
Area(sq. ft.) of
seats w/
aisles up
to 3.5 ft.
8,500
Ratio of
volume
to area
R.T. of audience,
Volume occupied orchestra
in cu. ft. 500- pit +
(auditorium 1000 cps. proscenium
only) in seconds** opening
364,000
Area/
Audien-:e
No.of seat*
seats (sq. ft.)
Width
measured
between
balcony
facias (ft.)
1.6 34.8 1,800 4.7 84
12,120 352,000 ca 1.2 22.7 2,156 4.8 66
1,658
12,850 376,600 1.25 24.0 (+500 6.8 64
standees)
16,000 533,000 1.4 28.0 2,893 5.5 54
2,500
19,000 726,300 ca 1.5 31.5 (±375 7.0 72
standees)
20,030 1,045,000
rea (sq. ft.)
of seats
w/aisles up
to 3.5 ft.
8,boo
9,750
10,600
12,750
15,000
13,000
Volume in
cu. ft (incl.
concert
enclosure)
370,000
375,000
530,000
569,000
662,000
479,000
21,000 644,000
21,000 759,000
1.65 44.5 3,347 6.0 130 (wall
to wall)
R.T.
occupied
500-1000
cps. in
seconds
Ratio of
volume
to
audience,
stage +
chorus
areas
Area/
Audience
No.of seat*
seats (sq. ft.)
Width
in ft.
1.7 38.4 1,400 5.7 68
1.55 35.0 1,560
2.05 44.0 1,680
1.85 38.2 2,500
1.8 40.0 2,631
1.55 31.5 1,955
1.32 27.7
1.45 30.4
6.2
6.4
5.1
5.7
6.6
2,839 7.4
2,697 7.8
62
64
74
74
90
140
120
* Including aisles and cross aisles up to 3.5 ft. Each standee is rated as one-half a seat.
** These reverberation times measured with house occupied, main curtain closed. Reverberation times
are sometimes higher with curtain open, particularly if the scenery is not canvas.
Note: Bold face indicates preferred halls.
TABLE I
Name
Theatre de l'Opera,
Paris
Festspielhaus,
Bayreuth
Staatsoper,
Vienna
Teatro alla Scala,
Milan
Academy of Music,
Philadelphia
Metropolitan Opera House,
New York City
Auditorium *
over 3.500 seats
Auditorium* a
over 6,000 seats
Ratings cubage**
by conductors (cu. ft.)
excellent 352,000
excellent 364,000
excellent 376,600
Area (sq. ft.) of
Audience Seating
12,120
8,500
12,850
excellent 318,200 7,700
(well only) (main floor + box openings)
excellent 533,000 16,000
good 700,000
(approx.)
fair 902,000
poor 1,270,000
24,050
26,240
37,214
Width*
(in ft.)
66
84
64
72
54
62-68
140
160
* Width is facia-to-facia of opposite rings or balconies, or, if there are no side balccnies, side wall
to side wall measured one-half way back on the mam floor.
** House only-concert enclosures, if any, not included.
Multi-purpose hall used for opera productions.
Table I gives related architectural-
acoustical data on a number of famous
concert halls and opera houses. Table
II shows conductors' ratings for sev-
eral opera houses. Size of concert hall
has a direct bearing on the acoustical
environment because it is one of the
two factors determining reverberation
time. Boston Symphony Hall, for ex-
ample, with a volume of 662,000 cu ft,
has a reverberation time of 1.8 which
is in the ideal range for symphony
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TABLE Il1 Optimum
Activity Reverberation Time
Motion picture exhibition .6-1.2 seconds
Lectures, convocations, and
any other activities using
sound amplification .6-1.2 seconds
Musical comedy or related
f orm 1.0-1.4 seconds
Drama 1.0-1.4 seconds
Opera 1.2-1.6 seconds
Piano recital 1.2-1.6 seconds
Voice and violin recital,
string quartet, chamber
orchestra 1.4-1.8 seconds
Symphony orchestra
(contemporary works) 1.3-1.6 seconds
Symphony orchestra
(Brahms, Wagner) 1.8-2.0 seconds
Liturgical choral music,
organ 1.8-3.0 seconds
and up
Medieval liturgical works 4.0-8.0 seconds
7. 7-
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Oberlin will have the classic rectangular shape preferred
for concert halls. The other three are multi-purpose aud-
itoriums. Queen Elizabeth Theater is shown on first page QUEEN ELIZABETH THEATRE, VANCOUVER
rank among the world's top ten
would be a hall of relatively small
cubage, but at the same time, in ac-
cordance with the volume to seating
area ratios stated-above, the total area
used for audience seating would have
to be restricted in order to maintain
sufficient reverberation.
Since the reverberation time in a
hall is not related directly to the
number of seats, but rather to the
area that the seats (plus aisles) oc-
cupy, an audience floor area of 15,000
sq ft (including aisles) will absorb
the same amount of sound whether
there are 2600 or 2200 seated persons
in it. It is for this reason that the
older halls (like Boston) could seat
2600 people for a volume of not over
700,000 cubic feet and still achieve
satisfactorily long reverberation
time, while a modern hall meeting
present-day safety and comfort
standards can seat only about 2200
in this same volume.
This however does not mean that
sponsors of concert halls are doomed
to obtain a poor acoustical environ-
ment if they build auditoriums larger
than 2200 seats. As acoustical con-
sultants we are constantly being
asked to design halls with volumes
approaching a million cubic feet. We
have found it necessary, therefore, to
examine carefully means for produc-
ing acceptable musical quality in
larger halls. One of the important
factors in the judgment of musical
quality of a hall is the presence of
short-time-delay reflections of the
right magnitude at the listener's po-
sition. Such reflections come auto-
matically in a smaller, narrower hall.
How can they be introduced into a
larger hall?
Study reveals that the only way to
introduce short-time-delay reflections
into a larger concert hall is to con-
struct a partially-open, partially-
closed canopy over the orchestra and
the front part of the audience. The
closed portions send short-time-delay
reflections into the audience. The
open portions permit the sound to
rise into the volume above the can-
opy and to develop the essential re-
verberation. With a closed canopy,
the reverberation will not develop
properly. With no canopy, the short-
time-delay reflections will not be pro-
vided.
SHAPE AND PROPORTIONS
The basic shaping and proportions
of a hall are also very important fac-
tors. The correlation between acous-
tical results and basic room shape is
far greater in a hall for music per-
formance than in any other type of
listening space.
Speech auditoriums, theatres, coli-
seums, and other facilities for speech
activities can be designed with a
wide variety of shapes. The acoustical.
consultant can then recommend com-
pensating measures, including the
use of sound amplification and
installation of sound absorbing mate-
rials, and by these "corrective" meas-
ures, obtain satisfactory speech in-
telligibility. However, this procedure,
which involves use of sound absorb-
ing material, is inadmissible in the
design of a recital or concert hall;
for in this case, every possible effort
must be made to conserve the sound
produced by the voice or the musical
instrument.
A hall for the performance of mu-
sic should be relatively long, narrow,
and rectangular, since relatively
close, parallel walls provide desirable
"short-time-delay" acoustic reflec-
tions. For good music performance
acoustics, it is necessary that first
reflections from the walls and ceilings
of the hall should reach the listener's
ears between 20 to 40 milliseconds
after arrival of the direct sound. This
characteristic occurs almost auto-
matically in the seating areas most
distant from the stage, providing the
smooth tone and blended, homoge-
neous ensemble sound that is typical
of these seats, but, unless special
acoustical provisions are made, it is
usually lacking in most of the seating
areas.
In order to provide the required
reflected "signals" during the first 20
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CLOWES MEMORIAL HALL, INDIANAPOLIS
to 40 milliseconds, it is essential to
have wall and ceiling reflectors with-
in about 25 ft or less of the sound
source. This architectural provision
can be met in a concert hall by estab-
lishing the width of the stage plat-
form at about 50-65 ft and suspend-
ing sound reflecting panels overhead
at a height of 22-28 ft above the stage
floor. The reflecting surfaces should
be almost parallel-wall parallel with
wall; ceiling (and reflecting panels)
parallel with the floor.
The short-time-delay acoustic re-
flections provided by a long, narrow,
parallel hall and overhead reflecting
panels also favor clarity, clean tran-
sient response, balance of various in-
struments of the orchestra as heard
at all seats on stage and throughout
the hall, and even distribution of
sound energy throughout the hall.
The use of overhead suspended
sound-reflecting panels is particular-
ly important for the violin section
of the orchestra.
The width of the hall as measured
from wall to wall should be 65 to 85
ft, if possible, for both concert and
opera production-the narrower the
better. A wide hall is likely to be un-
satisfactory for speech also, as the
long delayed acoustic reflections from
widely spaced side walls arrive too
late to integrate with the direct
sound, producing muddiness, or a
garbled effect. Sometimes the listener
T T
LA GRANDE SALLE, PLACE DES ARTS, MONTREAL
refers to areas suffering from this
effect as "dead" spots.
In summary, existing halls with
excellent acoustics are rectangular
and relatively narrow (as narrow as
60 to 75 ft). In general, these halls
are about twice as long (measured
from the rear of the auditorium to
the back of the stage) as they are
wide, and are about as high as they
are wide, the proportions being
roughly 1:1:2 (width, height,
length). Some are even longer than
twice their width.
TONAL QUALITY
Another important aspect of music
performance acoustics is the tonal
characteristic of the hall-that is,
the relative balance between the low,
middle and upper registers-which is
determined by the nature of the fin-
ishes of the walls, ceiling and floors.
Some materials absorb sound effi-
ciently in certain registers and reflect
the sound in other registers, produc-
ing the varying amounts of rever-
beration at various frequencies that
endow a hall with its tonal character-
istics.
Sufficient and balanced reverbera-
tion at all frequencies provides the
"warm and resonant" sound which
pleases both listeners and perform-
ers. When a hall is judged as just a
bit too mellow, it has insufficient high
register reverberation. Sound which
is too "dark" or "boomy" has insuffi-
cient reverberation in the middle and
high registers. Sound which is "cold"
or "sharp" has too much reverbera-
tion in the upper registers. This
condition frequently results from the
use of thin wood paneling which ab-
sorbs the low frequency sounds pro-
duced by the instruments of the or-
chestra. BBN's concert hall survey
has shown that- of two halls that are
equal in other characteristics, the
one with the richer bass has the
greater acceptance. What is surpris-
ing to most musicians is the fact that
the walls and ceiling of a hall that is
rich in low frequency sound are gen-
erally constructed of plaster or of
very thick wood. Halls that are
thought by many conductors to be
finished with wood are actually more
than 75 per cent plaster.
THE "SENDING END"
A part of the hall which plays a very
important role in the success of the
acoustics is the "sending end": the
surfaces in the vicinity of the stage
Drawings in this article were prepared by wil-
fred Malmund of Bolt, Beranek and Newman.
Architects for the halls on this page are: Oberlin
Conservatory-Minoru Yamasaki and Associates;
Queen Elizabeth Theater and Place de Arts-
Affieck, Desbarats, Dimakopoulos, Lebensold,
Michaud and sise; Clowes Memorial Hall-John
Johansen and Evans woolen III, Associated
Architects
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platform. These surfaces might be
(a) permanent structure (floor, walls,
ceilings), (b) permanent structure
plus a suspended canopy or inde-
pendent suspended panels or (c) de-
mountable panels that assemble into
a complete enclosure for a theatre
stagehouse. All of these arrange-
ments are simply variants of the
"sending end", and the acoustical
aims are the same.
In a concert hall (no stagehouse),
a suspended canopy or a set of indi-
vidual panels provide necessary close-
in acoustic reflections and at the
same time permit the cubage above
to serve as a reverberant chamber.
This provision not only improves the
acoustical conditions in the audi-
torium, but also serves to help the
various sections of the orchestra to
hear both their own and other sec-
tions. This is a definite aid to the
conductor and helps provide coordi-
nation. Halls which are very narrow
(60 ft or less) and rectangular do not
usually need suspended panels.
In a hall with a theatrical stage-
house, a complete demountable con-
cert enclosure is essential for good
music performance acoustics. The
construction, rigging and operation
of-the large, heavy enclosure required
in a multi-purpose hall used for sym-
phony concerts is one of the major
problems which confronts the oper-
ating staff.
Although the cost of construction
and operation of a concert enclosure
may seem unconscionably large when
considered in relation to the avail-
able funds, the provision and use of
this heavy device is essential.
A permanent stage platform en-
closure in a concert hall is a heavy
architectural structure, with side and
rear walls constructed of 12-in. or
thicker masonry construction, fre-
quently faced with thick wood ve-
neer. This heavy masonry enclosure
is essential for the warmth and rich-
ness of tone of good concert halls,
which is obtained by sufficient rever-
beration in the lower registers. How-
ever, it is obvious that a symphony
orchestra cannot expect the building
owner to provide a 12-in. thick ma-
sonry enclosure on the stage of a
theater. Unfortunately, this is almost
what would be required to obtain
"concert hall" acoustics in a multi-
purpose hall.
If it is essential for the building
owner to obtain in one auditorium
both an opera house and an outstand-
ing concert hall, it might be valid to
think of the cost of a truly adequate
concert enclosure as the relatively
small price to be paid in lieu of the
cost of two separate buildings.
Enclosure walls of 2-in. thick
wood, sufficiently braced by heavy
steel sections, help maintain the de-
sired warm resonant tone, and the
box-like basic shaping of the shell
provides a reverberant chamber that,
by multiple reflections, mixes and
blends the sound before it is projected
into the auditorium. An enclosure
design of this type does not do as
good a job as the 12-in. thick perma-
nent masonry "enclosure" of a con-
cert hall, but does provide better
acoustics in a large hall than the
lightweight canvas or thin plastic
and plywood "shells" currently in
use in many multi-purpose halls.
The relatively high, sound-reflect-
ing ceiling (in a completely enclosed
demountable shell, about 32 ft) makes
it possible for each musician more
easily to hear the rest of the orches-
tra and this is, of course, beneficial
for balance and also enables the mu-
sicians on stage more readily to judge
what the audience is hearing. An en-
closure also conserves the energy pro-
duced by the orchestra, preventing it
from being dissipated in the back-
stage areas and the fly gallery.
The initial construction costs of an
adequate shell are one problem, but
operational costs are often a more
difficult problem. For this reason, it
is wise to incorporate as much mech-
anization and ease of operation as
possible into the original design of
the enclosure. There are probably two
methods of operation which are feas-
ible for a heavy enclosure. One is the
provision of a complete "box" which
travels up and down stage, either on
tracks in the floor or on overhead
rails. This procedure is similar to that
used in some continental theatres to
move a plaster cyclorama up and
downstage. The cost of building the
portion of the stagehouse in which
the enclosure is stored during theat-
rical productions must be included as
part of the cost of the enclosure. An-
other method of operation which has
been used is telescoping the side
walls and the rear wall of the en-
closure into the stage floor.
A properly designed enclosure will
produce similar benefits for a choral
group, and will also provide good bal-
ance between a choral group and an
orchestra. A similar, but smaller, en-
closure is recommended for small per-
forming groups and recitals.
The reader will probably be inter-
ested in seeing how the acoustical re-
quirements discussed above can be
incorporated into a complete building
design-how the conflicts and prac-
tical considerations can be resolved.
Two of the projects are multi-pur-
pose auditoriums. The third, a 600-
seat hall is primarily for music per-
formance.
THREE CURRENT DESIGNS
Oberlin Conservatory of Music
This hall design is a simple rectangle,
which is significantly better for mu-
sic performance acoustics than the
so-called "intimate" audience seating
arrangements so popular. The hall is
more than twice as long as it is
wide. The ceiling is high and hori-
zontal and the width is narrow, about
65 ft. The proportions are in the
neighborhood of 1:1:2. This hall is
being designed for a music conserva-
tory and will be used for all types of
music performance.
There are two enclosures provided
in this hall. The permanent enclosure
consists of 11-ft high walls spaced
about 50 ft apart, providing sufficient
space for a symphony orchestra. Ele-
ments for acoustical diffusion are lo-
cated at the side walls of the stage,
concealed behind this 11-ft high
acoustically transparent screen. The
other enclosure is a hydraulically-op-
erated wall about 14 ft high, recessed
into the stage floor, for recital per-
formances, string quartets and small
instrumental ensembles. This enclo-
sure is constructed of 2-in. wood
plank braced with a heavy steel
frame.
The audience is the largest and
therefore most important source of
absorption present in a hall. Since
this hall will be used for performance
for low to high capacity audiences,
for rehearsals, and for recording, the
audience size will vary from no one
present to a capacity house. Under
these conditions, it is essential in a
hall of this size to provide some
mechanized means of adjusting the
reverberaticn. This is particularly
important since some of the perform-
ances will require rather short re-
verberation, while others will require
rather lengthy reverberation.
To be able to make any significant
change in the reverberation, modifi-
cation of the acoustical properties of
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The "sending" end of the auditorium plays an important
role in the success of the acoustics. In the Stockholm
Concert Hall (above) the suspended translucent panels
provide necessary close-in acoustic reflections and help
members of the orchestra hear each other better. The
platform canopy in the headquarters for the Church of
Jesus Christ of Latter Day Saints in Independence, Mo.,
aids the projection of music from the choir as well as
speech. The stage enclosure for the Henry and Edsel
Ford Auditorium in Detroit prevents sound from getting
lost in the top of the stage house and projects it into
the auditorium. It is heavy enough to reflect the low
frequencies, which sometimes are absorbed when the en-
closure is built of a lightweight material
a very high percentage of the wall
surfaces of a hall is required. Use
of a reverberation adjusting device
is required on practically all of
the side wall area from floor to ceil-
ing plus the rear wall, if one is to
provide a worthwhile degree of vari-
ability. This design incorporates
about 6000 sq ft of adjustable cur-
tain, which, under certain conditions
of occupancy and setting of the ad-
justable drapery, will provide rever-
beration times ranging from 1.2 sec-
onds to 2.3 seconds in the mid-fre-
quency range.
Clowes Memorial Hall
This 2200 seat multi-purpose hall is
now under construction at Butler Uni-
versity in Indianapolis, Indiana, and
is expected to be available for some
use by the community. The building
owner predicts about 170 perform-
ances each year in which over 105
will be music performances without
electronic amplificaticn. With as
much emphasis as this, it is essential
to provide an architectural-acoustical
design which gives the musician a
"square deal." The acoustics for most
of the speech activities in a hall of
this size will depend on the installa-
tien of a carefully designed, highly
directional amplification system.
In a hall with reverberation suit-
able for music, the acoustics for un-
amplified speech will depend in large
measure on a narrow hall design. In
the front of the original plan, side
walls are 65 ft apart and, except for
the two bays cn each side for en-
trance and exit to the hall, the hall is
not wider than 85 ft. The length of
hall, including the symphony enclo-
sure, measures about twice as long
as it is wide. As the design proceeded,
the proportions were modified to
bring the rear rows closer to the stage
for theatrical purposes. The average
ceiling height of the concert enclo-
sure is 33 feet. A smaller enclosure
for recitals and small ensembles is in-
cluded.
Each section of the auditorium
walls is parallel to the center line of
the hall to provide as much interre-
flection as possible. This aspect of the
design will help provide a well-blend-
ed, homogeneous sound with high
definition in the main floor seating
area and in the balconies at the sides
of the house. This is beneficial both
for musical quality and speech intelli-
gibility.
The volume of the original design,
including the symphony enclosure,
was about 685,000 cu ft in order
to maintain a sufficiently long rever-
beration time. In order to provide
this volume, it is essential that the
continued on page 182
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STRUCTURAL FORMS-METAL DOMES: 4
by SEYMOUR HbWARD, Architect, Associate Professor, Pratt Institute
(Conclusion. Sheets 1, 2 and 3 appeared in November)
I. Figure 4. OCTAHEDRAN SPACE TRUSS
D
PLEP
Figure 3. PIER FOR GEODESIC DOME (See Table)
The Kaiser Aluminum and
Chemical Sales Co., 919 North
Michigan Ave., Chicago 11, Illi-
nois, has designed aluminum
domes based on Fuller's patents,
and some of its own patents cov-
ering the system of stressed skin
space truss using diamond
shaped panels. Kaiser is currently
marketing two basic series, each
of three sizes of type A domes.
(See table.)
The plan and elevation shown
in Figure 2 are of Kaiser's type
A-80-15.3 (approximately a quar-
ter sphere. )In plan the surface
is divided into five identical
sectors, corresponding to the five
upper spherical triangles of the
spherical icosahedron; they are
joined by a pentagonal lantern
at the top. Each sector is sup-
ported by five symmetrically ar-
ranged piers: C in the center
(highest) ; B, and A, to the left,
looking up at the dome; B. and
AR to the right.
The geometry of the division
of the dome surface is described
in detail on Sheets 28, 29 and 30
of "Useful Curves and Curved
Surfaces," AR, April, 1958.
A typical basic spherical tri-
angle is shown between lines
8, 9 and 12 on both plan and
elevation. The divisions are
marked to correspond to those
shown on Sheet 29; here the
frequency (p) is 10.
The panels and struts are
drawn in detail in two other sim-
ilar spherical triangles: be-
tween sectors two and three in
plan and between sectors five and
one in elevation.
0 0 0 0 0 0 0 e 0 e 0 0
Each unit consists of a sun-
burst-crease formed, diamond
shaped panel of aluminum sheet
(maximum length 140 in.) with
the central cambered valley ap-
proximately a chord of a great
circle on the inner sphere (radi-
us 80 ft). Six of these panels
meet at a point on the inner
sphere. The flanged edges of the
panels go out to meet the struts,
which form a hexagonal pattern
with their vertices on the outer
sphere (radius 81 ft). The
creased valley and the four
edges of the panel plus one strut
comprise the six edges of the
unit tetrahedron. (This is being
patented by Kaiser Aluminum,
Don L. Richter, inventor; other
patents are pending.) Filler pan-
els (as shown dotted in sectors
five and one) cari be hung from
the lower edge to bring the dome
down to a more uniform line.
In sector four, broken lines
show the piers as they are re-
quired for the two small domes
(A-80-11.5 and A-80-7.0), which
can be built using the same pan-
els but taking smaller portions
of the same sphere.
DATA ON KAISER DOMES
I - - - - __________________________
&
x
a
_8
-.
0
a
A - 80 - 15.3 21.9
".
U
E
0
0
Qo.
00
I--
3
a.
S_
e
W 0
-
oe
603 46'-103/" 10 5
A - 80 - 11.5 14.5 230.7 31'- 912" 10 4
A - 80 - 7.0 8.1 87 18'- 55/s" 10 3
A - 112 - 30.0 42.7 1180 64'- 51" 14 7
A - 112 - 24.7 32.2 733 46'- 53/s" 14 6
A - 112 - 18.7 22.6 403 35'-10 " 14 5
S
-U_
00
0
0.E. 0
0 CL
00a~
.E 0sc'
U_
Pier Loads in
Thousands of Pounds
C i 
-
7-0
* a3 0 -
~0 0 To- 0
X-C X8 X
1 3 :- 1 :
A 72'-10" 65.6* 15.4 - 5.7(30 lb. snow)
B 71'- 6%" 63.4* 21.7 - 8.3
C 70'-111/4" 62.5o 23.2 - 9.1
A 63'-10e" 53.0- 21.0 - 8.8(30 lb. snow)
B 61'- 65/" 50.3* 28.2 -12.9
A 51- 1" 39.7* 24.6 -15.2(20 lb. snow)
B 48'- 63/4" 37.4- 33.3 -22.7
A 101'- 412" 64.9* 22.6 - 7.2
(40 lb. snow)
B 99'-10" 62.1* 31.4 - 9.4
C 98'- 75/s" 61.8' 35.3 -11.1
D 98: 2" 61.3' 36.0 -11.4
A 92'-10" 56.1' 32.3 -11.0(40 lb. snow)
B 90'. 43/" 53.8' 42.2 -14.3
C 88'- 9/8" 52.5' 44.5 -15.2
A 82'- 1" 47.2- 42.5 -15.1(40 lb. snow)
B 78'- 2/s" 44.3* 56.7 -20.2
C 76'-101/4" 43.4- 56.9 -20.4
5.8
8.6
7.5
10.4
11.6
12.6
10.3
10.7
13.4
13.5
12.7
15.2
15.4
13.3
18.0
15.4
10.0
9
0
0
0
C
0
0
C
0
0
C
0
Note: All of these domes except A-80-7.0 can safely withstand winds of 125 m.p.h.;
uplift and snog loads on piers will be increased by about 55% over those given
here for 100 m.p.h. wind.
* 4
9
C
C
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FOR MUSIC PERFORMANCE
continued from page 165
ceiling over the front rows of audi-
ence be extremely high. To make a
smooth transition between the 35-ft
high symphony enclosure ceiling and
the 66-ft high auditorium ceiling, the
design includes suspended sound-re-
flecting panels, which will provide
the short-time-delay reflections re-
quired to eliminate the harsh tone
and poor speech intelligibility that
would otherwise be experienced in
most of the seats on the main floor.
Two-thirds of the side wall area of
the symphony enclosure is construct-
ed of 2-in. thick wood plank mounted
on a heavy reinforced steel frame.
These heavy sections telescope into
the floor. The remaining portions of
the enclosure side walls are con-
structed of lighter materials and can
be handled from the stage grid, or
handled manually at the stage floor.
The ceiling of the enclosure consists
of three separate panels, each sus-
pended from the stagehouse grid.
Place des Arts, Montreal
This 3100-seat hall is to be used
for opera, touring musical comedy
production, symphony, ballet, recit-
als, conventions, and motion picture
exhibition.
In order to obtain a seating capac-
ity of 3100 seats with sufficient com-
fort for the audience, it was necessary
for the designers to stack the bal-
conies. The balcony overhangs thus
produced will acoustically shade some
of the seats at the rear of the main
floor and the two lower balconies.
This compromise is necessary in or-
der to keep the audience reasonably
close to opera and musical comedy
productions, maintaining satisfac-
tory visual acuity. In order to obtain
the desired 3100 seat audience ca-
pacity, it was also necessary to pro-
vide three tiers of boxes at the sides
of the auditorium.
As in the 2200 seat theatre, the
aisles are uncarpeted, the seating is
fully upholstered and the area be-
neath the seats is finished with carpet
and underlay.
Here again, as in the 2200 seat
theatre, the suspended ceiling panels
required for short-time-delay reflec-
tions are incorporated in the design,
and, at the same time, the space
above the panels is used to support
the reverberation. In the design il-
lustrated, the panels were hidden
behind a continuous, acoustically-
transparent screen of wood battens
which also concealed the loudspeak-
ers. A more recent design incor-
porates exposed acoustic reflecting
panels in a handsome design.
The stage width of 60 ft maximum
was established for the proper acous-
tical support of the string sections
of an 85-95 instrument symphony or-
chestra. The podium location is at the
main curtain line position, and the
pit railing is removable so that audi-
ence seats can be installed to within a
few feet of the conductor to eliminate
the psychological "gap" between con-
ductor and audience.
In summary, the answer to the
question of what makes a hall good
for music performance is at hand.
The remaining question is whether
economics of esthetic trends or both
will prevent building sponsors from
capitalizing on these findings in fu-
ture concert hall-opera house design.
MODEL OF CLOWES MEMORIAL HALL, NOW UNDER CONSTRUCTION, INDIANAPOLIS, INDIANA
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Audience and Seat Absorption in Large Halls*
LEo L. BERANEK
Bolt Beranek and Newman Inc., 50 Moulton Street, Cambridge 38, Massachusetts
(Received February 25, 1960)
From detailed acoustical studies made in over 40 large concert halls and opera houses in 15 countries,
absorption coefficients are derived for audience, chorus, and orchestra areas, unoccupied seating areas,plaster walls and wood walls. It is postulated that the absorbing power of a seated audience, chorus or
orchestra in a large hall is proportional to the floor area it occupies. This postulate is validated for audience
densities of between 4.5 and 8.5 sq ft per person, including aisles, and for halls with volumes between 200 000
and 1500 000 cu ft. The "area" concept as opposed to the "per person" concept of audience absorption
explains the serious differences reported repeatedly in the literature between reverberation times calculated
during design and those measured after completion of the halls. This paper also presents graphical relations
between empty and fully occupied hall reverberation times; shows the effect of seat design on empty hall
reverberation times; and gives typical reverberation time vs frequency characteristics for fully occupied
halls. The results of this study may not be applicable to rooms whose volume, shape, and materials are
substantially different from the large concert halls and opera houses included in this studj.
I. INTRODUCTION
A HALL in which music-is played' is only one linkin an artistic chain that also includes the contri-
butions of the composer, the conductor, the performers,
and the listeners. Different types of music are best
played and heard in different acoustical environments.
But in actual practice, a music hall is generally used for
many types of music. In addition, each conductor,
soloist, and listener may have an individual preference
as to the best "average" acoustics for the hall he uses.
Yet in any one year, a hall must serve many performers
as well as a wholespectrum of listeners.
But it is not these factors alone that have made
acoustical design difficult. Until now, it simply has
not been possible to predict from existing formulas with
reasonable accuracy the most common acoustical
characteristic of a hall, namely, the reverberation time,
even when full architectural information is available.
This fact is attested to in technical papers on the London
Royal Festival Hall, 2 the Edmonton and Calgary,
Alberta Jubilee Auditoriums,' the Tel Aviv, F. Mann
Auditorium,4 and the Bonn, Beethoven Hall.4 It is also
true for other halls on which details have not been
published. In each of these cases the design calculations
have been 0.3 to 0.5 sec higher than the measured
results.
* From a book on Acoustics of Hallsfor Music to be published by
John Wiley & Sons, Inc., New York. A preliminary version of
this paper was presented at the 55th Meeting of the Acoustical
Society of America in Washington, D. C., May 8, 1958. A more
complete version was presented at the Third International
Congress on Acoustics at Stuttgart, Germany, September 5,
1959.
'In England and France a "music hall" is a "variety theater."
For simplicity, however, in the remainder of this paper we shall
abbreviate the words "hall in which music is played" to "music
hall."
' P. H. Parkin, W. H. Allen, H. J. Purkis, and W. E. Scholes,
Acustica 3, 1-21 (1953).3 T. D. Northwood and E. J. Stevens, J. Acoust. Soc. Am. 30,
507-516 (1958).
4 (a) L. L. Beranek, J. Acoust. Soc. Am. 31, 882-892 (1959).
(b) E. Meyer and H. Kuttruff, Acustica, 9, 465-468 (1959).
Admittedly, the situation has improved since Wallace
C. Sabine, an assistant professor, 27 years of age, was
approached in 1895 by President Eliot of Harvard to
improve the acoustics of the Fogg Art Museum (now
called Hunt Hall) in Cambridge, Massachusetts. His
colleagues looked upon his new assignment as a grim
joke, and his senior professor warned him that he was
"undertaking a problem that fairly bristles with dif-
ficulties, the extreme complexity of which seems to indi-
cate that a complete solution is hopeless " 5
After five years of research, Sabine gave acoustics
his classical reverberation equation. He spent con-
siderable effort in making careful measurements of the
coefficients of sound absorption of the principal ma-
terials associated with concert halls. These he tabulated
for 512 cps in his first lengthy paper on the subject,
"Reverberation" 6 as shown in Table I. These numbers
are very close to those published in texts and handbooks
today. However, Sabine intended that they be used in
this type of equation
T= 0.049V/(S&asb+4 mN6. (1)
TABLE I Coefficients of absorption at 512 cps.*
Plaster on lath 0.033
Plaster on tile 0.025
Glass 0.027
Wood, solid, hard 0.061
Drapery: Shelia 0.23
Cretonne 0.15
Audience, per person (ft') 4.75
Orchestra, per man (ft2 ) 5.15
a See footnote reference 6.
William Dana Orcutt, "Wallace Clement Sabine, a study in
achievement," privately printed in 1933. The Fogg quotation is
from p. 104. The Krehbiel quotation is from p. 145. Only a few
copies of this book, now a collector's item, are available. (Send in-
quires concerning this book to Leo Beranek.)
6 W. C. Sabine, Collected Papers on Acoustics (Harvard Uni-
versity Press, Cambridge, Massachusetts, 1927). The paper
entitled "Reverberation' was first published in the American
Architect in 1900.
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TABLE II. Value of the air absorption coefficient m in units of
inverse feet. Room temperature is assumed.
Absorption coefficient in (ft-1)
Relative 2000 4000 6000 8000
Humidity cps cps cps cps
30% 0.0010 0.0034 0.0057 0.0091
50% 0.0008 0.0023 0.0046 0.0067
70% 0.0006 0.0020 0.0039 0.0057
The 4-mV term was introduced by Knudsen
In this equation, V is the volume in ft', S
area of the floor, ceiling, and walls in ft2 an
average absorption coefficient in the room
follows:
asab
where
Sia1+S 2a 2+Saa 3 + +Nia1+
S
S= s1+s2+S3+...- f t2,
and al, a2, aa, etc., are the absorption co
particular surfaces in the room with areas, r
of S1, S 2 , S3, etc. (ft 2); Ni is the number
seats with a total absorption each of al (ft
the number of empty seats with a total
each of a2 (ft 2). The quantity m is the c
molecular absorption in the room in ft-1 , giv
mately by Table II. It may be neglected belo
If the Norris-Eyring type of equation'
V
T=
is used the value of aEy-and, hence, of eac
and a's in Eq. (2) (which is also valid for
aE)-must be less than asab by 10% to
same value of T is to be obtained.
Sabine, in one of his papers,' tabulate
absorption as measured in the Jefferso
Laboratory Lecture Hall at Harvard both
person" and on a "unit area" basis. Howev
and subsequent writers used the "per perso
[using Nia1 in Eq. (2)] in their published c
A thing to observe is that when Sabine
own formula, using "per person" audience
values and absorption coefficients determine
Harvard lecture rooms, to the estimation
verberation time with full audience in two co
his estimates were far from the reverbera
actually measured (see Table III).
' V. 0. Knudsen, J. Acoust. Soc. Am. 3, 126-138
S This formula was the first published in Ameri
Eyring [J. Acoust. Soc. Am. 1, 217-241 (1930)]. Ho
presented prior to that time (1929) by Norris at a m
Acoustical Society of America. Norris' derivation w
as an Appendix to Knudsen's monumental book, V.
Architectural Acoustics (John Wiley & Sons, Inc.,
1932). However, Knudsen also refers to work by Wa
Schuster [Ann. Physik 1, 671-695 (1929)] that pre
Probably one should refer to this equation as the
much later.7
is the total
TABLE III. Comparison of reverberation times at 500 cps for
fully occupied halls as calculated by Sabine in 1900 and as
measured with modern equipment.
Percent
Calcu- differ-
Hall Measured by Measured lated ence
Leipzig Gewandhaus Meyer and
(now destroyed) Cremer (1933) 1.6% sec 2.30 sec 44%
Boston Symphony Bolt 1.8 2.31 28%
Hall Beranek and
Newman (1957)
* This number is 10% higher than that reported in the literature by
Meyer and Gremer. at the suggestion of Dr. Kuhl who has found from
existing houses in Germany that data of that period by Meyer et al. were
about 10% low.
1S~b 15 tnhe It is seen that not only are Sabine's calculated results
defined as inaccurate, but the percentage differences for the two
halls are quite unlike. Furthermore variation in the
N2a2 percentage differences cannot be attributed to differ-
ences in the shape of the halls because the shapes are
quite similar. Nor can errors in Sabine's calculations be
(3) held responsible, because his computations are pub-
lished in detail for all to check.
efficients of Sabine never published data taken after completion
espectively, of Boston Symphony Hall, for which he was the
of occupied consultant. When pressed for the data by Henry E.) and N2 is Krehbiel of the New York Tribune, Sabine wrote that
absorption the only real test of his work must come with the actual
)efficient of use of the hall for the exact purpose of its erection.'
en approxi- We hasten to add that the actual reverberation time
w 1500 cps. in the Boston Symphony Hall is probably near optimum
for a hall of this type, and that the hall might not have
been as well accepted by audiences if the reverberation
(4) time had come out as high as predicted. The discussion
MV in this paper is not intended to remove any of the luster
from this famous hall which is rated among the top
h of the a's two or three in the world by nearly every conductor
computing interviewed by the author.
15% if the The purpose of this paper is to clarify the principal
reason for the serious differences between calculations
s audience and measured results, which occurred in Sabine's time
n Physical and still occur today. It will be shown that the ab-
on a "per sorption values for audience used in Eq. (2) are at
er, both he fault and not Eq. (1) or Eq. (4).
n" concept
alculations.
applied his
absorption
d in certain
of the re-
ncert halls,
tion times
1931).
ca by C. F.
wever, it was
eeting of the
as published
0. Knudsen,
New York,
etzmann and
dates Norris.
Waetzmann-
II. CLASSICAL vs AUTHOR'S POSTULATE
In most music halls the sound absorbed by an
audience accounts for a large percentage of the total
absorption. A survey of the literature reveals a range
of values for the absorbing power of a seated person at
500 cps from 3.1 to as high as 6.5 sabins (ft 2). 1 3
Schuster-Norris-Eyring Equation. However, by American con-
vention, the author will simply call it the Norris-Eyring equation.
9 P. H. Parkin, W. A. Allen, H. J. Purkis, and W. E. Scholes,
Acustica 3, 1-21 (1953).
10 L. L. Beranek, A coustics (McGraw-Hill Book Company, Inc.,
New York, 1954), pp. 300-301.
" H. J. Sabine, Handbook of Noise Control, edited by C. M.
Harris (McGraw-Hill Book Company, Inc., New York, 1957),
Chap. 18, p. 18-3.
u V. 0. Knudsen and C. M. Harris, A coustical Designing in
Architecture (John Wiley & Sons, Inc., New York, 1950).
13 W. Furrer, Raum- und Bauakustik far Architekten (Birkhauser
Verlag, Basel and Stuttgart, 1956).
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FiG. 1. Plot of reverberation times at
mid-frequencies (500-1000 cps) in halls
with 100% audience vs volume per seat.
Some of the halls have small amounts of
porous sound absorbing material, but the
shift in reverberation time due to that
material is not over 0.1 sec. For compu-
tational accuracy, however, those halls
are not included in Fig. 2.
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Because a very small. change in reverberation time, for
example, from 1.5 to 1.6-sec (7%), is detectable by an
experienced listener, the error (nearly 2:1) that can
occur in calculations from the uncertainty in seat
absorption is intolerably large.
In this paper the results of an extensive program of
acoustical measurements in over 40 halls in fifteen
nations are used to derive a more meaningful measure
of audience absorption. Because all halls have nearly
the same average absorption coefficient, it is convenient
to use the simpler Sabine reverberation equation in the
calculations. Later, the absorption coefficients so
determined can be reduced by 9 to 12% to yield
numbers suitable for use in the Norris-Eyring equation.
In presenting the results in this paper, tables valid for
each equation are given.
Because both the Sabine and the Norris-Eyring
equations treat the sound field on a statistical basis,
they only take the shape of a hall into account insofar
as the ratio of V/S is concerned. Most of the halls
studied in this paper have volumes in the range from
250 000 to 1 000 000 ft. The median value of V/S for
these halls is about 10 ft. Except for a very few cases,
V/S lies between 9 and 11 ft.
For full audience and for halls with no added sound
absorbing materials, and at frequencies below
1500 cps, Eq. (1) reduces approximately to T= 0.049
X (V/N 1) (1/a). The classical postulate is that a1 is a
constant. In other words, audience absorption is taken
to be proportional to the number of people in the
audience. Hence, approximately, the reverberation time
should be proportional to "volume per seat." Therefore,
the ratio V/N 1 has been spoken of by writers (e.g.,
see footnote 13) as an important criterion for deter-
mining the maximum expected reverberation time. It
is a simple enough matter to check the concept of
"volume per seat" by plotting measured reverberation
times for a number of halls vs volume per seat. The
result is shown in Fig. 1. The correlation is very poor.
For example, contrary to Eqs. (1) to (4), the same
180 200 220 240 260 280 300 320 340
V/N - VOLUME PER SEAT - FT 3
360 380 400 420
reverberation time of 1.6 sec was obtained in halls
with volumes per seat ranging between 200 and 340
fta/seat or of 1.85 sec with volumes between 230 and
400 ft3/seat.
Because of the scatter of the data, as shown in Fig. 1,
many observers have speculated that the reverberation
time in a hall depends in a major way on the shape of the
hall, or on differences from one hall to another in the
acoustical behavior of the same finish materials or
both. If the shape of the hall changed the reverberation
time as much as is indicated by Fig. 1, this. would be
in direct opposition to Eqs. (1) to (4) and the Sabine-
Norris-Eyring approach would have to be abandoned
or modified in a major way.
Believing that Eqs. (1) to (4) are fundamentally
sound and that the acoustical absorption of the ma-
terials does not depend in a major way on the shape of
the hall or on differences in materials from one munici-
pality to another, the author proposes the postulate
that: The absorbing power of a seated audience, chorus or
orchestra in a large music hall increases in proportion to
the floor area they occupy, nearly independently of the
number of seated persons in that area (uniform distri-
bution of persons assumed).
Since the time that this paper was first presented, it
has come to the author's attention that Meyer and
Jordan" had shown that the reverberation time in the
pre-World War II Berlin Philharmonie Saal was nearly
unchanged whether the attendance at a concert was
50 or 100%, even though the seats were not highly
absorbent. Their result yields independent support to
the postulate given above.
The author wishes to emphasize, however, that the
data in the present paper are for near-100% occupancy
with seating densities (including aisles) between 4.5
and 8.5 ft 2 per person. No study was made of partial
occupancy. Orchestra densities varied between 12 and
20 ft2 per musician, including their instruments and
music racks.
" E. Meyer and V. Jordan, Elek. Nachr.-Tech. 12, 219 (1935).
I T I I I I I I1
27
_ 500-1000 CPS 26 25 -
OCCUPIED HALLS
24 47
23 21
IS 19 44 1720
- IS138 I4 I '6 22 -
9
46-' 5
2
3A 1
- 33
I | I I I I
663
W
LEO L. BERANEK
DETERMINATION OF ABSORPTION COEFFICIENTS
FOR OCCUPIED AREAS IN CONCERT HALLS. AREAS
INCLUDE AUDIENCE, CHORUS AND ORCHESTRA.
AVERAGE OF 500 - 1000 CPS
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SPREAD AREA /SEAT
OF WT HALL (SABINE EO) (N-E L)
FIG. 2. Plot of the reciprocal of
the reverberation time (measured)
vs the Fatlo of the total occupied
areas (audience area plus 3.5 ft
aisles plus chorus area. if occupied,
orc:s:ra are tthe volume
for hans -ith neg:igi:e amounts
of sound absorbing materials
(draperies, etc.). The values for
"a" [See Eq. (2)] in the upper
three lines of the inserted table are
for ar=0.9 2 (Sabine equation) or
for this coefficient reduced by 12%
(Norris-Eyring equation). The
three lower numbers' are taken
from books by Furrer," by
Beranek,10 and by Knudsen and
Harris.12
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III. TEST OF NEW POSTULATE
To test the new postulate let us arbitrarily separate
the absorption in a concert hall into two categories: (1)
the audience, chiorus, and orchestra absorption, and (2)
the remaining absorption. If we now limit our studies
to halls without any significant area of added porous
sound absorbing materials, then, at least for frequencies
of 500 cps and above, we should have a homogeneous
set for study. A few of the halls so selected had some
of their surfaces made of acoustically flexible materials
such as thin wood paneling, which are effective in
absorbing sound at the lower frequencies. By assigning
suitable absorption coefficiefits to those surfaces, these
few halls were also included as part of the group
(listed in Table VI) used for validating the new
postulate.
To conform to the preceding stipulation, Eqs. (1)
and (2) are rewritten:
aSab =0.049(V/S) (1/T) -4 m(V/S) (5)
aSab= (SraT+SaR)/S, (6)
where ST=the floor area (including aisle areas up to
3.5 ft in width") occupied by the audience, chorus, and
the orchestra; SR=the remaining surface areas of the
15 In computing aisle areas, widths up to 3.5 ft (1 m) of aisles
lying within audience areas are included. Also, a strip of aisle, 3.5
ft wide, around the edge of an audience area is included. No such
allowance is made at the front edge of a balcony where the audience
is seated against the balcony rail. If the aisles are wider than 3.5 ft
the excess width is not included as part of the audience area. The
reason for including the 3.5-ft width is diffraction of sound around
the edges of the audience. One expects that a smaller width than
this should be used for unoccupied seats-perhaps only about
one-half as much.
room, including the undersides of the balconies;
S=SR+ST; aT=-absorption coefficient for audience,
orchestra and chorus for the floor area ST occupied by
them; aR=average absorption coefficient for all other
surfaces of the room, including in that average the
absorbing power of walls, ceiling, doors, ventilating
grilles, glass areas, organ openings, statues, chandeliers,
underbalconies, etc.
Equating the right-hand sides of Eqs. (5) and (6)
remembering that S=ST+SR and assuming V/S'=1016
yields,
20.4(ST/V) (ar-a)+2.04aR+81.6 m= (1/T). (7)
When (1/T) of Eq. (7) is plotted vs (ST/V), the
result is a straight line, with a slope of 20. 4 (aT-aR)
and an intercept at (ST/V)=0 of 1/T=(2.04 an
+81.6 m). Consequently, ar and aR can be determined.
. Typical plots for 125, 250, 500-1000, 2000, and 4000
cps are shown in Figs. 2 to 6. Similar plots were made
for halls. with unoccupied upholstered seating of two
types. The results of the entire study, yielding absorp-
tion coefficients for use in the Sabine equation, Eq. (1),
are given in Table IV. The same results converted to
absorption coefficients for use in the Norris-Eyring
equation, Eq. (4), are given in Table V.
If the old postulate that V/NI is roughly propor-
tional to reverberation time were correct, then, of
course, the points for the various halls would not fall
on a straight line in Figs. 2 to 6 because the area per
" This assumption does not limit the validity of the results,
because it is only an intermediate step in arriving at an answer.
The validity of the answer is checked for each hall individually in
Table VI using, in each case, the actual value of V/S.
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DETERMINATION OF ABSORPTION COEFFICIENTS
0. FOR OCCUPIED AREAS IN CONCERT HALLS
AUDIENCE, CHORUS AND ORCHESTRA
4000 C P S (60 % R. H.)
0.8 --
FiG. 3. Plot of (measured) 1/T 2
vs Sr/V for 4000 cps. For those
halls (about one-half of the total) 0.7 47 20 9
in which the humidity was checked 2' 23
with audience present, the relative
humidity was found to be about 27 26
60%. Some of the scatter of the ..L 6
points may be due to humidities T 29
differing from 60%. The values for
ar and ax on Figs. 2 to 6 may not 0.5
be exactly the same as those listed .
in Table IV because Table IV was
developed from smoothed curves
passing through the values given 0.4 0.88
on Figs. 2 to 6. a. '0.04
S'r
seat (with aisles) varies between 4.6 and 8.0 ft'. In that
case either the shape of the hall or gross variability of
sound absorption coefficients from hall to hall, or both,
would have had to be introduced in the calculations.
However, the points do determine straight lines and
the intercepts are reasonable. It is true that due to the
Jong extrapolation, any one intercept on Figs. 2-6 may
be subject to some error. However, when graphs of aT
and ax are plotted vs frequency with the ranges of
F10. 4. Same as Fig. 3, but T
for 2000 cps.
uncertainty indicated at each frequency, lines can be
drawn within the range bars that vary smoothly with
frequency and in a manner consistent with other
observations in the literature. These smoothed lines
for ar and aR interact so that the results given in Tables
IV and V are more accurate as a whole than one would
judge from any one plot.
It is interesting to compare the results obtained from
this study with those given. in several books in the
0.9 1
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literature. The table inserted on Fig. 2 shows that for
the three groups of fourteen halls enumerated there,
the group median area per seat ranges between about
5.0 and 7.8 ft' per seat (with aisles). Multiplication of
these areas by aT=0. 92 yields sound absorption a in
sabins ranging between 4.6 and 7.2 for the Sabine
formula (or by aT=0.8 2 yields 4.1 to 6.4 sabins for the
Eyring formula).
T
0.8
DETERMINATION OF ABSORPTION COEFFICIENTS
FOR OCCUPIED AREAS IN CONCERT HALLS
AUDIENCE, CHORUS AND ORCHESTRA
125 CPS jA
0.4a
0.006 0.012 0.016 0.020 0.024 0.028
ST/V
Knudsen and Harris12 and Beranek 0 give coefficients
(for use in the Norris-Eyring equation), applicable to
relatively crowded seating, of 5.2 to 5.7 ft2 per person.
Furrer's number of 6.5, (for use in Sabine's equation) is
applicable to quite comfortable seating of 7 ft2/person.
Note that if the calculated reverberation time of the hall
is 1.8 sec, using the Norris-Eyring formula and an
audience absorption of 4.5 sabins per person, and if the
(
FIG. 6. Same as Fig. 5, except
for 125 cps.
0.036 0.040
FIG. 5. Plot of 1/T vs ST/V for
250 cps. Those halls of the 21
given in Table VI that do not
appear on this graph were left off
because they contain thin wood
paneling.
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TABLE IV. Absorption coefficients of (1) occupied audience, orchestra and chorus areas; (2) unoccupied "average" well-upholstered
seating areas; (3) unoccupied leather-covered thinly upholstered seating areas; (4) thin wood paneling areas with airspace behind;
and (5) 1.0-in. thick damped plaster walls and ceiling or 1.5-in. thick wood walls. The numbers below are for use in:
The Sabine equation: T=0.049V/(Sas.e-+4 nM.
Absorption coefficients, f
Frequency, cps
Item Description.b 67 125 250 500 1000 2000 4000 6000
1 Occupied audience, orchestra and chorus areas, Sr 0.44 0.60 0.74 0.88 0.96 0.93 0.85 0.80
2 Unoccupied "average" cloth-covered, well-upholstered 0.30 0.49 0.66 0.80 0.88 0.82 0.70 0.64
seating areas (seats with perforated bottoms) Si
3 Unoccupied leather-covered upholstered seating areas - 0.44 0.54 0.60 0.62 0.58 0.50 0.46
4 Thin (0.2 to 0.4 in. thick), wood paneling areas with ... 0.42 0.21 0.06 0.05 0.04 0.04 0.04
airspace behind
5 1.0-in. damped plaster or thick (more than 1.5 in. thick) 0.15 0.12 0.08 0.05 0.05 0.04 0.04 0.04
well-fitted wood walls (these absorption coefficients have
averaged in them the absorption of usual doors, venti-
lating grilles, etc. in the room) SR
a The occupied areas include aisle widths up to. but not exceeding 3.5 ft. Orchestra areas include men, instruments, and music racks.b The values in rows 1 to 3 include the absorption of a reflective floor beneath the seats. Carpet under the seats will not affect the values in row 1. Theincrease in absorption for row 2 will not be great.
actual area per seat is 7 ft2, the achieved reverberation
time will be about 1.5 sec, or 0.3 sec too low, as stated
in the introduction.
IV. APPLICATION OF THE RESULTS TO
CALCULATION OF REVERBERATION
TIME IN 21 TYPICAL HALLS
The absorption coefficients of Tables IV and V were
derived from the average of the measured results in 21
of the halls studied. These halls contained little or no
added sound absorbing materials (draperies, acoustical
tiles, etc.).
To test the results for the twenty-one individual
halls the absorption coefficients from Table IV and the
exact areas and volumes were substituted in Eq. (1)
and the reverberation times calculated. Then, at 125,
500-1000, and 2000 cps the differences between the
calculated and measured reverberation times were
found. They are tabulated in Table VI. The average
difference is seen to be nearly zero second, and the
average deviation about 0.05 sec. The reliability of the
prediction method seems established for the individual
cases as well as for the graphical average.
V. EMPTY vs OCCUPIED REVERBERATION TIMES
Very frequently it is relatively easy to measure the
reverberation times for a hall empty but it is difficult
to obtain the occupied reverberation times. It is
helpful, therefore, to have an approximate relation at
each frequency between the reverberation times for
empty and full halls. These relations are also useful in
seeking artifacts in measured data or in spotting
unusual acoustical behavior in particular halls.
For those of the 40-odd halls for which data are
available, the differences between the (measured)
occupied and unoccupied reverberation times are
shown in Figs. 7 to 9 for frequencies of 125, 500-1000,
TABLE V. Absorption coefficients of (1) occupied audience, orchestra and chorus areas; (2) unoccupied "average" well-upholstered
seating areas; (3) unoccupied leather-covered thinly upholstered seating areas; (4) thin wood paneling areas with airspace behind; and(5) 1.0-in. thick damped plaster walls and ceiling or 1.5-in. thick wood walls. The numbers below are for use in:
The Norris-Eyring equation; T=0.049V/[-2.3S logxo(1-azEy)+4mV].
Absorption coefficients,<.
Frequency, cps
Item Descriptiona.b 67 125 250 500 1000 2000 4000 6000
1 Occupied audience, orchestra and chorus areas, ST 0.39 0.54 0.66 0.78 0.85 0.83 0.75 0.71
2 Unoccupied "average" cloth-covered well-upholstered 0.27 0.45 0.60 0.73 0.80 0.75 0.64 0.58
seated areas, (seats with perforated bottoms) Si
3 Unoccupied leather-covered upholstered seating areas ... 0.40 0.49 0.55 0.57 0.53 0.46 0.42
4 Thin (0.2- to 0.4-in. thick), wood paneling areas with ... 0.38 0.19 0.055 0.045 0.035 0.035 0.035
airspace behind
5 1.0-in. damped plaster or thick (more than 1.5-in. 0.13 0.11 0.07 0.045 0.045 0.035 0.035 0.035
thick) well-fitted wood walls (these absorption
coefficients have averaged in them the absorption
of usual doors, ventilating grilles, etc., in the
room) SR
a The occupied areas include aisle widths up to, but not exceeding 3.5 ft. Orchestra areas include men, instruments, and music racks.b The values in rows 1 to 3 include the absorption of a reflective floor beneath the seats. Carpets under the seats will not affect the values in row 1. The
increase in absorption for row 2 due to carpet will not be great.
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FIG. 7. Plot for 500-1000 cps of decrease in reverberation time
with full occupancy as a function of empty reverberation time.
All types of seats ranging from folding steel chairs (No. 24) to
exceptionally heavily upholstered seats (Nos. 3A and 16) and all
shapes and volumes of halls are included. Halls Nos. 13, 19, 21,
23, 25, 26, and 27 are rectangular and very similar in shape and
construction. Hall No. 19 was reseated and the empty reverbera-
tion time changed from 3.5 sec to 2.4 sec- (points 19A and 19B).
and 2000 cps. As shown by the curves, the incremental
differences are about the same between 250 and 2000
cps. At higher frequencies, where air absorption becomes
more important, the differences should be less.
VI. SEAT DESIGN
An interesting discovery was made during the studies
of unoccupied halls. It was found that in eight of the
halls an unexpected absorption "peak" occurred in the
vicinity of 250 cps. The reverberation times for these
empty halls are shown in Fig. 10. A study of each of
these halls reveals that the principal reason for this
unexpected absorption peak is the seats. It is found that
the seat bottoms are not perforated and the cloth
covering (upholstery material) is nearly impervious to
air flow, causing a sort of "bubble resonance."
An attempt was made to correlate the scatter of
points on the graphs leading to line 2 of Table IV
(or line 2 of Table V) with the detailed construction of
DECREASE IN REVERBERATION
TIME WITH OCCUPAN'CY
222
.J) W
W 4 0. 2 2W 04 26oW
Z . . . 2.2 2.6 30 .
EMPTY REVERBERATION TIME - SECONDS
FIG. 8. Same as Fig. 7, but for 2000 cps.
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the well-upholstered seats. There was no correlation
even though the seats have a large range in exposed
area of upholstery material. One explanation for this
result is that the larger upholstered seats are generally
spaced more widely apart so that fewer of them are
required to produce the "area" absorption coefficients
of Tables IV and V. This study also indicated that,
except for eliminating the peak in absorption shown by
Fig. 10, perforated bottoms had little effect on the
absorbing efficiency of well-upholstered seats.
The author does not mean to say that a careful
study made in one hall would not show differences in
the area absorption coefficients due to differences in
details of seat construction, but the differences certainly
are not outstanding enough to show up in comparisons
made among seating areas in the different halls studied
here.
T'ABL VI. Test of absorption coefficients of Table IV for 21 halls
with full audience. All values in the tables are in sec.
500-1000 cps 125 cps 2000 cps
Hall calc meas calc meas calc meas
no. R.T. R.T. diff R.T. R.T. diff R.T. R.T. diff
1 1.4 1.3 +0.1 1.6, 1.5 +0.1 1.35 1.35 0
2 1.3 1.3 0 1.6 1.7 -0.1 1.25 1.25 0
3A 1.35 1.3 +0.05 1.65 1.6 +0.05 1.25 1.2 +0.05
4 1.45 1.45 0 1.3 1.3 0 1.35 1.4 -0.05
5 1.4 1.4 0 1.4a 1.4 0 1.3 1.25 +0.05
7 1.65 1.6 +0.05 .-.. --... - .. . 1.5 1.45 +0.05
8 1.5 1.55 -0.05 1.55 1.3 +0.25 1.4 1.5 -0.1
9 1.6 1.55 +0.05 1.5 . 1.4 +0.1 1.45 1.4 +0.05
13 1.55 1.6 -0.05 1.55& 1.5 +0.05 1.45 1.5 -0.05
14 1.65 1.6 +0.05 1.6a 1.6 0 1.5 1.6 -0.1
15 1.6 1.*6 0 1.85 1.9 -0.05 1.45 1.4 +0.05
16 1.6 1.6 0... ... . .... ...... 1.5 1.5 (0
18 1.65 1.7 -0.05 1.85 1.85 0 1.5 1.6 -0.1
19 1.75 1.7 +0.05 1.95 2.2 -0.25 1.6 1.5 +0.1
21 1.85 1.8 +0.05 2.1 2.2 -0.1 1.7 1.7 0
22 1.65 1.6 +0.05 1.9 1.9 0 1.5 1.55 -0.05
23 1.75 1.85 -0.1 1.9 1.8 +0.1 1.6 1.7 -0.1
26 2.0 2.05 -0.05 2.2 2.2 0 1.85 1.9 -0.05
27 2.2 2.1 +0.1 2.3 2.2 +0.1 1.95 1.9 +0.05
44 1.7 1.7 0...................1.55 1.45 +0.1
47 1.9 1.9 0 2.1 2.3 -0.2 1.8 1.8 0
Av.
diff. +0.01 sec 0 sec -0.005 sec
Av.
dev. 0.04 sec 0.07 sec 0.05 sec
a These halls contain some thin wood paneling that was accounted for in
the calculations using a's from rows 4 of Tables Iv and V.
VII. REVERBERATION TIME vs FREQUENCY
CHARACTERISTIC
It is interesting to construct from the lines on Figs. 2
to 6 plots of reverberation time vs frequency, normalized
to the mid-frequency value of reverberation time. This
was done for a Tsoo-1ooo =1.35 sec and T_ 100.. ooo= 1.8 sec,
and the results are given in Fig. 11. The two curves
shown are not expected to be alike, because the walls
have a greater part in the total absorption in the room
for the 1.8-sec case than for the 1.35-sec case. We see
that the reverberation time for these fully occupied
halls, on the average, decreases about 0.07 sec for each
octave increase in frequency between 125 and 4000 cps.
VIII. COMMENT
One naturally asks whether it is reasonable that the
absorption coefficient aR should be as low as 4 to 5%
AUDIENCE AND SEAT ABSORPTION IN MUSIC HALLS
at 500 to 2000 cps. A 5% value for aR means that if the
seats were removed from these halls the reverberation
times would be about 10 sec at those frequencies. In
one lecture room in Boston, with a volume of 65 000
ft, and wooden schoolroom chairs, a reverberation time
of 5.6 sec at 500 cps has been measured. In still another,
with a volume of 58 000 ft3 and wooden benches, a
reverberation time of 4.0 sec at 500 cps has been
measured. Because the ratio of volume to total surface
area (V/S) increases about as Vi, a room with 10
times the volume should have a reverberation time
about twice those times just quoted, if the rooms are
constructed of the same materials. Hence, 10 sec at
500 cps for an "unseated" hall of 600 000 ft3 volume
does not seem unreasonable.
If the "seatless" reverberation time were found to be
lower than 10 sec, one possible explanation is shown by
some measurements of Balachandran.16 He found that
the absorption coefficient of an area in a room is a
z
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FIG. 9. Same as Fig. 7, but for 125 cps.
function of the state of diffusion of the sound field in
that room. For example, he showed that at 2000 cps
in his reverberation chamber the absorption coefficient
of an area was diminished as absorbing materials were
introduced on adjoining areas. A similar change in the
state of sound diffusion must occur in a concert hall
after the chairs are installed.
It is apparent, therefore, that the results of the
present paper may not be applicable to small lecture
rooms, classrooms, reverberation chambers and other
rooms whose volumes, shapes and materials are signifi-
cantly different from those of the large concert halls
and opera houses included in the present study.
Furthermore, common sense tells us that if the area per
person increases much above 10 ft 2, the area absorption.
coefficients of Tables IV and V must decrease. An
interesting confirmation of this statement has been
16 C. G. Balachandran, J. Acoust. Soc. Am. 31, 1319-1321
(1959).
reported to the author by Mr. Lyle F. Yerges, formerly
of the U. S. Gypsum Company. They found, using a
7.5 sabin functional (hanging) absorber, that there was
no measurable reduction in reverberation time when
the units were uniformly spaced more frequently than
one per 10 sq ft of ceiling area.
Prior to its submission for publication, the author
sent this paper to a number of acousticians for comment.
T\vo of them commented that the 125 cps absorption for
the seated audience, aT, seems too high. Meyer and
Kuttruff suggest in Acuslica4 that ar at 125 cps should
be as low as 0.25 instead of 0.60. One reviewer com-
mented that a value for aR (the absorption for the
remaining areas) of 0.12 at 125 cps is too high. In-
spection of Fig. 6 and Eq. (7) shows that if either an or
aT is made smaller, the other must be increased. If aT
is as low as 0.25 at 125 cps then we find from Fig. 6 and
Eq. (7) that aR must also equal 0.25. Obviously, the
walls and ceiling are not as absorbent as the audience
so that ar cannot be as low as 0.25. W. C. Sabine in his
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FIG. 11. Graphs of reverberation times relative to reverberation
time at 500-1000 cps vs frequency. The two curves are for re-
verberation times at 500-1000 cps of 1.35 sec and 1.8 sec. The
data are taken from the lines drawn on Figs. 2 to 6. These curves
are valid only for halls without added porous sound absorbing
material or thin wood paneling. They apply to halls with damped
plaster or thick-wood interiors and for full occupancy.
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careful pioneering measurements, 6 performed in a
lecture room (volume 60 000 ft0) at Harvard with and
without audience found aT=0. 72 at 125 cps.
The author believes that in some halls where the
plaster is on solid backing (brick, concrete block or
poured concrete) aR may be less than 0.12, say, 0.10 at
125 cps. None of the 11 halls shown in Fig. 6 were of
this type. Most had plaster walls that were "damped,"
i.e., did not ring when tapped with the knuckles.
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